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(54) Beam homogenizer, laser irradiation apparatus, semiconductor device, and method of 
fabricating the semiconductor device 



(57) An optical system (in Figs. 1 A and 1 B) wherein 
a rectilinear laser beam of homogeneous energy distri- 
bution is defined for annealing a non-single crystalline 
semiconductor film (a surface to-be-irradiated 1108), is 
constructed of reflectors (1 1 06, 1 1 07 etc.) easily and in- 



expensively without including lenses of transmission 
type. The rectilinear laser beam can be defined having 
a length of at least 600 (mm) which corresponds to the 
shorter latus of a large-sized substrate for mass produc- 
tion. 



CM 

< 

O 
CM 
O 

CM 
CM 



Fig. 1A top view 



1106 




1109 



1103 



Q. 
LU 



Printed by Joi/ve. 75001 PARIS (FR) 



1 

Descriptf n 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present invention relates to an apparatus 
which homogenizes the energy distribution of a laser 
beam in a certain specified area. It relates also to a 
method for the homogenization. In addition, the present 
invention relates to a semiconductor device which has 
a circuit including a thin film transistor fabricated by the 
use of means for the homogenization. By way of exam- 
ple, it relates to the constructions of an electro-optical 
device which is typified by a liquid crystal display device, 
and an electric equipment in which such an electro-op- 
tical device is installed as a component. Incidentally, 
here in this specification, the expression "semiconduc- 
tor device" shall signify general devices which can func- 
tion by utilizing semiconductor properties, and it shall 
cover the electro-optical device and electric equipment 
mentioned above. 

2. DESCRIPTION OF THE RELATED ART 

[0002] In recent years, researches have been exten- 
sively made on techniques wherein an amorphous sem- 
iconductor film or a crystalline semiconductor film 
(namely, a semiconductor film having the crystallinity of 
a poly-crystalline, a micro-crystalline or the like different 
from a single crystal), that is, a non-single crystalline 
semiconductor film which is formed on an insulating 
substrate of glass or the like is subjected to laser an- 
nealing, thereby to be crystallized or to enhance the 
crystallinity. A silicon film is often employed as the sem- 
iconductor film. 

[0003] As compared with a quartz substrate having 
heretofore been often used, the glass substrate is inex- 
pensive and is rich in mach in ability, and hence, it has 
the merit of being capable of the easy manufacture of a 
large area substrate. Therefore, the researches are vig- 
orously made. The reason why a laser is used for the 
crystallization by preference, is that the melting point of 
the glass substrate is low. The laser can give high en- 
ergy to the non-single crystalline semiconductor film on- 
ly without considerably changing the temperature of the 
substrate. 

[0004] A crystalline silicon film formed by performing 
the laser annealing has a high mobility. Therefore, thin 
film transistors (TFTs) are formed by employing the crys- 
talline silicon film, and they are actively utilized for, for 
example, a liquid-crystal electro-optical device of mon- 
olithic type in which the TFTs for pixel drive and for driver 
circuits are fabricated on one glass substrate. Since the 
crystalline silicon film is made up of a large number of 
crystal grains, it is called a "poly-crystalline silicon film" 
or "poly-crystalline semiconductor film". 
[0005] Besides, a method wherein a beam from a 
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pulsed lasing type laser of high power, such as excimer 
laser, is worked by an optical system so as to define a 
tetragonal spot having a size of several (cm square) or 
a line having a length of at least 1 0 (cm) on a surface 

5 to-be-irradiated, and the surface to-be-irradiated is 
scanned by the worked laser beam (in other words, the 
projected position of the laser beam is moved relatively 
to the surface to-be-irradiated), thereby to carry out the 
laser annealing, is preferably used because ft is excel- 

10 lent in industry owing to a good mass-productivity. 
[0006] Especially with the rectilinear laser beam, the 
whole surface to-be-irradiated can be irradiated with the 
laser beam by the scanning in only a direction orthogo- 
nal to the lengthwise direction of this rectilinear laser 

15 beam, unlike in the case of the spot-like laser beam with 
which the scanning needs to be done in the lengthwise 
and widthwise directions of the surface to-be-irradiated, 
so that the high mass-productivity is attained by the an- 
nealing with the rectilinear laser beam. The scanning of 

20 the surface to-be-irradiated in the direction orthogonal 
to the lengthwise direction of the rectilinear laser beam 
is done for the reason that the scanning direction is the 
most efficient. Owing to the high mass-productivity, it is 
currently becoming the mainstream to use for the laser 

25 annealing the rectilinear laser beam which is obtained 
in such a way that the laser beam of the pulsed lasing 
type excimer laser is worked by the appropriate optical 
system. 

[0007] Figs. 2A and 2B show an example of an optical 

30 system for working the cross section of a laser beam 
into the shape of a line on a surface to-be-irradiated. 
The optical system shown in Figs. 2A and 2B is very 
common. The optical system functions, not only to 
change the cross-sectional shape of the laser beam into 

35 the rectilinear shape, but also to homogenize the energy 
of the laser beam on the surface to-be-irradiated. In gen- 
eral, an optical system which homogenizes the energy 
of a beam is called a "beam homogenizer". The optical 
system shown in Figs. 2A and 2B is also the beam ho- 

40 mogenizer. 

[0008] When an excimer laser emitting ultraviolet ra- 
diation is used as a light source, the constituent material 
of the optical system may be, for example, quartz en- 
tirely. This is because a high transmission factor is at- 

4 5 tained. Besides, coatings should favorably be ones ca- 
pable of attaining transmission factors of at least 99 (%) 
for the wavelengths of the excimer laser employed. 
[0009] First, a side view in Fig. 2A will be referred to. 
A laser beam emergent from a laser oscillator 1201 is 

50 split in a direction orthogonal to the traveling direction 
of the laser beam by cylindrical lens arrays 1 202a and 
1202b. Here in this specification, the orthogonal direc- 
tion shall be termed the "vertical direction". When a mir- 
ror is incorporated midway of the optical system, the ver- 

55 tical direction curves into the direction of light bent by 
the mirror. In the illustrated construction, the emergent 
laser beam is split into four. The split laser beams are 
once brought together into one laser beam by a cylin- 
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drica! lens 1204. The laser beam is split again, and the 
resulting laser beams are reflected by a mirror 1207. 
Thereafter, the reflected laser beams are condensed in- 
to one laser beam again on a surface to-be-Irradiated 
1209 by a doublet cylindrical lens 1208. The expression 
"doublet cylindrical lens" signifies a lens which is made 
up of two cylindrical lenses. Thus, the energy of the rec- 
tilinear laser beam in the widthwise direction thereof is 
homogenized, and the width of the rectilinear laser 
beam is determined. 

[0010] Next, a top view in Fig. 2B will be referred to. 
A laser beam emergent from a laser oscillator 1201 is 
split in a direction which is orthogonal to the traveling 
direction of the laser beam and which is also orthogonal 
to the vertical direction explained above, by a cylindrical 
lens array 1203. Here in this specification, the orthogo- 
nal direction shall be termed the "lateral direction". 
When a mirror is incorporated midway of the optical sys- 
tem, the lateral direction curves into the direction of light 
bent by the mirror. In the illustrated construction, the 
emergent laser beam is split into seven. Thereafter, the 
split laser beams are combined into one laser beam on 
a surface to-be-irradiated 1209 by a cylindrical lens 
1205. A mirror 1207, et seq. are depicted by broken 
lines, which indicate exact optica! paths and the exact 
positions of a lens 1208 and the surface to-be-irradiated 
1209 in the case where the mirror 1207 is not arranged. 
Thus, the energy of the rectilinear laser beam in the 
lengthwise direction thereof is homogenized, and the 
length of the rectilinear laser beam in the lengthwise di- 
rection is determined. 

[001 1 ] As described above, the cylindrical lens arrays 
1202a and 1202b or the cylindrical lens array 1203 
serve(s) as lens means for splitting the laser beam. The 
homogeneity of the laser beam to be attained is deter- 
mined by the number of the splitting (split laser beams). 
[001 2) The lenses mentioned above are made of syn- 
thetic quartz in order to conform to an excimer laser. Be- 
sides, the surfaces of the lenses are formed with coat- 
ings in order to efficiently transmit the beams of the ex- 
cimer laser. Thus, a transmission factor for the excimer 
laser beam(s) per lens has reached at least 99 (%). 
[0013] The rectilinear laser beam worked by the 
above construction is projected overlappingly while be- 
ing gradually shifted in the widthwise direction of the la- 
ser beam, whereby the whole surface of a non-single 
crystalline silicon film, for example, can be subjected to 
laser annealing so as to be crystallized or to enhance 
the crystallinity thereof. 

[001 4] Now, there will be described a typical example 
of a method of fabricating a semiconductor film to-be- 
irradiated. 

[0015] First, a "Coming 1 737 Glass" substrate (man- 
ufactured by Coming Incorporated) being of 0.7 (mm) 
in thickness and 5 (inches square) was prepared. Using 
a plasma CVD equipment, an Si0 2 film (silicon oxide 
film) having a thickness of 200 (nm) was formed on the 
substrate, and an amorphous silicon film (hereinbelow, 
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expressed as "a-Si film") having a thickness of 50 (nm) 
was form d on the surface of the Si0 2 film. The resulting 
substrate was heated at a temperature of 500 (°C) in a 
nitrogen atmosphere for one (hour), thereby to lower the 

5 hydrogen content of the a-Si film. Thus, the tolerance of 
the a-Si film to a laser was remarkably enhanced. 
[0016] An XeCI excimer laser (having a lasing wave- 
length of 308 (nm) and a pulse width of 30 (ns)) n L3308° 
manufactured by Lambda Physik, Inc. was used as a 

10 laser oscillator. The laser oscillator emits a pulsed laser 
beam, and is capable of producing an energy level of 
500 (mJ) per pulse. The size of the laser beam is 10 
(mm) x 30 (mm) (both being in terms of half -value 
widths) at the exit of this laser beam. Here in this spec- 
is jfication, the exit of the laser beam shall be defined on 
a plane perpendicular to the traveling direction of this 
laser beam as viewed immediately after the emergence 
thereof from the laser oscillator. 
[0017] In general, the shape of a laser beam emitted 

20 from an excimer laser is a rectangle, and it falls within 
a range of about 1 - 5 in terms of an aspect ratio. The 
intensity of the laser beam demonstrates a Gaussian 
distribution where it is higher as the center of the laser 
beam comes nearer. The laser beam in the example 

25 was changed into a rectilinear laser beam having a uni- 
form energy distribution and a size of 125 (mm) x 0.4 
(mm), by the optical system shown in Figs. 2A and 2B. 
[0018] According to the inventor's experiment, in the 
case of irradiating the above semiconductorfilm with the 

30 laser beam, about 1 /1 0 of the width (half -value width) of 
the rectilinear laser beam was the most suitable as the 
pitch of the overlap. Thus, the homogeneity of the crys- 
talline semiconductor film was enhanced. Since the half- 
value width was 0.4 (mm) in the example, the laser 

35 beam was projected by setting the pulse frequency of 
the excimer laser at 30 [Hz] and the scanning speed 
thereof at 1 .0 [mm/s]. On this occasion, an energy den- 
sity on the surface to be irradiated with the laser beam 
was set at 400 (mJ/cm 2 ). The method thus far explained 

*o is a very common one which is employed for crystallizing 
the semiconductor film by using the rectilinear laser 
beam. 

[0019] Regarding the optical system shown in Figs. 
2A and 2B, high machining precisions are required of 

45 the cylindrical lens arrays, the cylindrical lenses and the 
doublet cylindrical lens. Besides .since the large number 
of lenses are employed, the positional adjustments 
among them are difficult. Therefore, a desired beam can 
be obtained for the first time when a considerably skilled 

50 operator makes the adjustments. In addition, since the 
optical system is mainly constructed of optical lenses, 
the deteriorations of the optical lenses attributed to the 
laser beams are inevitable. 

[0020] By way of example, in case of employing a KrF 
55 excimer laser (at a lasing wavelength of 248 (nm)) as a 
light source, even when lenses made of quartz of exci- 
mer grade are adopted as the optical lenses, they have 
lifetimes of, at most, several years, and are very costly 
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in consideration of the price of the optical system. 
[0021] When the optical system has deteriorated, the 
overall transmission factor thereof lowers chiefly. This 
is a serious problem especially in a process for crystal- 
lizing a semiconductor film as requires high power. 
[0022] Moreover, in recent years, the areas of sub- 
strates have been remarkably enlarged in order to en- 
hance productivities. The sizes of substrates which are 
being developed anew and which are to be dealt with in 
a mass-producing plant, are being standardized as at 
least 600 (mm) x 720 (mm). Consequently, the length 
of a rectilinear laser beam needs to be, at least, equal 
to that of the shorter latus of each of the substrates. 
Since the rectilinear laser beam of such a length can 
laser-anneal the whole surface of one large-area sub- 
strate by one time of scanning, it affords an excellent 
productivity and is very useful. 

[0023] In contrast, in a case where the whole surface 
of one large-area substrate is to be laser-annealed us- 
ing a rectilinear laser beam the length of which is less 
than that of the shorter latus of the large-area substrate, 
the rectilinear laser beam must be scanned a plurality 
of number of times. With such laser annealing, a semi- 
conductor device cannot be fabricated at the boundary 
between, for example, a substrate part crystallized by 
the first laser-annealing scanning and a substrate part 
crystallized by the second laser-annealing scanning. 
Even if the semiconductor device is fabricated at the 
boundary, no satisfactory characteristics may possibly 
be attained. 

[0024] However, when the rectilinear laser beam 
whose length is at least 600 (mm) is to be defined using 
the optical system of the prior-art example as it is, the 
size of the doublet cylindrical lens 1208 approximates 
to 600 (mm). A lens having such a size is enormously 
expensive, (nearly hundred million yen) and also the de- 
terioration of the lens takes place, so that the lens is 
difficult of incarnation in practical use. 

SUMMARY OF THE INVENTION 

[0025] The present invention consists in that the con- 
struction of the optical system for forming the rectilinear 
laser beam as described above is entirely substituted 
by an optical system of reflection type. Since the con- 
struction is entirely changed into the reflection type op- 
tical system, the deteriorations of the lenses attributed 
to the laser beams, the influences of aberrations ascrib- 
able to the spherical lenses, etc. are eliminated. Be- 
sides, the size of the optical system can be enlarged far 
more easily with the reflection type optical system than 
with the lenses of transmission type. Thus, the elonga- 
tion of the rectilinear laser beam is facilitated by the re- 
flection type optical system. In addition, the difficulty of 
the adjustments can be simultaneously eliminated by 
the reflection type optical system. 
[0026] The present invention is effective especially for 
laser beams of short wavelengths. In particular, al- 
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though laser beams whose wavelengths are at most 250 
(nm) inflict severe damages on the transmission type 
lenses, the damages on reflectors can be made com- 
paratively light by forming appropriate coatings. Moreo- 

s ver, even when the reflector has been damaged, it can 
be restored into its original state by re-forming only the 
surface coating. On the other hand, the transmission 
type lens is damaged, not only at its surface coating, but 
also in its inner part. Therefore, when the transmission 

10 type lens has deteriorated, it must be replaced with a 
lens fabricated anew. 

[0027] Figs. 1 A and 1 B show an example of an optical 
system for defining a rectilinear laser beam according 
to the present invention. The optical system is entirely 
*s constructed of reflectors. 

[0028] First, a top view in Fig. 1 A will be referred to. 
A laser beam emergent from a laser oscillator 1101 is 
propagated in the direction of arrows indicated in Fig. 
1A. The laser beam is expanded by parabolic mirrors 
1102 and 1103. These components are unnecessary in 
a case where the laser beam emergent from the laser 
oscillator 1101 is sufficiently large. 
[0029] The laser beam may well be expanded in only 
one direction thereof, depending upon the shape of the 
laser beam emergent from the laser oscillator 1101 . In 
this case, cylindrical parabolic mirrors are employed as 
the parabolic mirrors 1102 and 1103. Here in this spec- 
ification, the "cylindrical parabolic mirror" shall be de- 
fined as a cylindrical parabolic mirror whose reflective 
surface agrees with a locus that is depicted by a part of 
a parabola 1306 when the part of the parabola 1306 is 
translated in a direction perpendicular to a plane con- 
taining the parabola 1306. In other words, Fig. 3 shows 
a cross section of the cylindrical parabolic mirror 1301 . 
[0030] The optical system of the present invention 
comprises plane mirrors, parabolic mirrors and cylindri- 
cal parabolic mirrors in combination. 
[0031] The expanded laser beam is caused to enter 
a reflector 1106 made up of a plurality of cylindrical par- 
abolic mirrors, by two plane mirrors 1 1 04 and 1 1 05. Any 
desired straight lines contained on reflective surfaces 
possessed by the plurality of cylindrical parabolic mir- 
rors are arranged in parallel with each other/one anoth- 
er. The reflector 1106 resembles a concave cylindrical 
lens array, but the curved surface of the former differs 
in shape from that of the latter. The two plane mirrors 
1104, 1105 fulfill the function of causing the expanded 
laser beam to enter the reflector 11 06 exactly. As under- 
stood from the function thereof, the two plane mirrors 
11 04, 1 1 05 need not always be restrictive, but they may 
well be substituted by three or more plane mirrors. 
[0032] Reflected light from any of the cylindrical par- 
abolic mirrors constituting the reflector 1 1 06 is once con- 
densed on the focus of the parabolic surface, and it is 
spread into a certain specified range on a surface to-be- 
irradiated 1108 depicted by broken lines. Parts depicted 
by such broken lines in the top view are the exact optical 
paths of laser beams in the case where a reflector 1 1 07 
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is not arranged, and the surface to-be-irradiated 1108 
and a stage 1 1 09 which are arranged in conformity with 
the optical paths. 

[0033] The position of the focus of a parabolic mirror 
is determined by the shape of the parabolic surface 
thereof. Therefore, when the position of the focus of 
each of the cylindrical parabolic mirrors constituting the 
reflector 1106 is appropriately determined, the lights 
from all the cylindrical parabolic mirrors can be collected 
within the certain specified range. Thus, the energy dis- 
tribution of the resulting rectilinear laser beam in the 
lengthwise direction thereof is homogenized. The reflec- 
tor 1 1 07 in the top view is similar to the reflector 1 1 06. 
The laser beams are curved in a direction perpendicular 
to the sheet of the drawing by the reflector 1107. 
[0034] An example of the reflector 1106 made up of 
the plurality of cylindrical parabolic mirrors is shown in 
Fig. 3. Referring to the figure, a reflector 1300 made up 
of a plurality of cylindrical parabolic mirrors includes two 
cylindrical parabolic mirrors 1301 , 1302. As is generally 
known, a parabolic mirror condenses parallel light rays 
on one point. Therefore, when the parabolic mirror is ap- 
propriately formed, light can be reflected as indicated by 
an arrow in Fig. 3. Arrows in Fig. 3 indicate the traveling 
directions of laser beams. The extension of the reflective 
surface of the cylindrical parabolic mirror 1 301 is depict- 
ed by a broken line 1306. A parabola is formed by the 
extension of the broken line 1306. The focus of the pa- 
rabola lies at a point 1304, and the direction of the laser 
beam to enter the cylindrical parabolic mirror 1301 is 
chosen so that the laser beam may be condensed on 
the point 1 304. When the laser beam is caused to enter 
the mirror 1301 in the direction parallel to a straight line 
which is in line symmetry with the parabola 1306, the 
laser beam can be condensed on the point 1304. 
[0035] The laser beam reflected from the cylindrical 
parabolic mirror 1 301 is spread into a certain specified 
range on a surface to-be-irradiated 1 303. Also, the laser 
beam similarly reflected from the cylindrical parabolic 
mirror 1302 is once condensed on the focus 1305 of a 
parabola containing this cylindrical parabolic mirror 
1302 and is thereafter spread into a certain specified 
range on the surface to-be-irradiated 1303. The two la- 
ser beams reflected from the two cylindrical parabolic 
mirrors 1301 , 1302 are unified on the surface to-be-ir- 
radiated 1303. That is, the laser beams are homoge- 
nized on the surface to-be-irradiated 1303. 
[0036] Next, a side view in Fig. 1 B will be referred to. 
Laser beams reflected from a reflector 1 1 06 are propa- 
gated to a reflector 1107, and are condensed on the re- 
spective foci of a plurality of cylindrical parabolic surfac- 
es constituting the reflector 1107. Thereafter, the laser 
beams condensed on the plurality of foci are respective- 
ly spread within the same area on a surface to-be-irra- 
diated 1108. Thus, the energy distribution of the result- 
ing rectilinear laser beam in the widthwise direction 
thereof is homogenized. Even when each of the reflec- 
tors 1106, 1107 has any appropriate shape other than 



explained above, the same function is fulfilled. Such ap- 
propriate shapes will be detailed in the description of 
embodiments. 

[0037] By way of example, the reflector 1107 funo- 
5 tions to homogenize the energy of the rectilinear laser 
beam in the widthwise direction thereof, and hence, it 
need not expand the laser beams greatly. Therefore, the 
reflector 1 1 07 can be substituted by a reflector 1 601 (re- 
fer to Figs. 6A and 6B) made up of a plurality of plane 
to mirrors. The energy distribution of the rectilinear laser 
beam can be homogenized by collecting reflected lights 
from the respective plane mirrors onto an identical area. 
The reflector 1601 will be detailed in one of the embod- 
iments later. 

*5 [0038] Here in this specification, a reflector which 
functions to split a laser beam, just as the reflector 1 1 06 
or 1 1 07, shall be termed a "beam splitting reflector". The 
beam splitting reflector in this specification functions al- 
so to unify split laser beam. 

20 [0039] When it is considered to form a rectilinear laser 
beam longer than 600 (mm) by adopting the optical sys- 
tem of the present invention, a reflector whose size be- 
comes the largest is the reflector 1107. The reflector 
1107 corresponds to the cylindrical lens array 1202a, 

25 cylindrical lens 1204, cylindrical lens array 1202b and 
doublet cylindrical lens 1208 in the prior-art optical sys- 
tem shown in Figs. 2A and 2B. In order to form the rec- 
tilinear laser beam longer than 600 (mm) by using the 
prior-art optical system, the size of the doublet cylindri- 

30 cal lens 1 208 must be made about 600 (mm). Therefore, 
the function of the reflector 1 1 07 in the elongation of the 
rectilinear laser beam is very effective. 
[0040] The other reflectors can be fabricated with 
comparatively small sizes in spite of the elongation of 

35 the rectilinear laser beam. Considering the easy fabri- 
cation of the optical system, therefore, lenses of the 
transmission type used in the prior art may well be em- 
ployed for the other reflectors. However, the transmis- 
sion type lenses for light whose wavelength falls within 

40 the range of ultraviolet radiation and whose power is 
high have the disadvantages of being very expensive 
and being liable to deteriorate. After all, accordingly, it 
is unfavorable to utilize the transmission type lenses for 
the optical system of the present invention. 

45 [0041] Especially expensive in the prior-art optical 
system are the cylindrical lens arrays and the doublet 
cylindrical lens. Only these lenses may well be substi- 
tuted by the construction of the optical system of the 
present invention because curtailment in cost is a factor 

so indispensable to the elongation of the rectilinear laser 
beam. That is, the indispensable reflectors in the 
present invention are those 1 1 06 and 1 1 07. (The reflec- 
tors 1106 and 1107, however, may well be substituted 
by reflectors fulfilling the same functions. Examples of 

55 such reflectors will be described in the embodiments lat- 
er) The other reflectors may well be substituted by 
transmission type lenses so as to be replaced each time 
they have deteriorated. However, the optical system 
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constructed only of the reflectors as shown in Figs. 1 A 
and 1 B is still considered to be the most economical. 
[0042] In the present invention, when the size of the 
laser beam is sufficient, the two parabolic mirrors 1 1 02, 
11 03 for expanding the laser beam a re not required. Be- 
sides, in a case where the direction of entrance of the 
laser beam need not be altered, for example, in a case 
where the laser oscillator 11 01 itself can move to alter 
the direction of entrance of the laser beam, the plane 
mirrors 1104, 1105 are not required. That is, the optical 
subsystem for expanding the laser beam, and the opti- 
ca) subsystem for altering the direction of entrance of 
the laser beam are not always required for the present 
invention. 

[0043] The laser oscillator 1101 combined with the op- 
tical system of the present invention should preferably 
emit the laser beam whose power is high and whose 
wavelength region is absorbed much by a semiconduc- 
tor film to-be-irradiated. In a case where the semicon- 
ductor film is a silicon film, the wavelength of the laser 
beam to be emitted by the laser oscillator 1101 em- 
ployed should preferably be at most 600 (nm) in consid- 
eration of the absorption factor of the silicon film. Laser 
oscillators emitting such laser beams include, for exam- 
ple, an excimer laser, a YAG laser (higher harmonics) 
and a glass laser (higher harmonics). 
[0044] In addition, although high power has not been 
attained with present-day technology yet, laser oscilla- 
tors emitting laser beams whose wavelength regions 
are suitable for the crystallization of the silicon film in- 
clude, for example, a YV0 4 laser (higher harmonics), a 
YLF laser (higher harmonics) and an Ar laser. 
[0045] An aspect of perform ance of the present inven - 
tion consists in a beam homogenizer for forming a laser 
beam which is rectilineaify distributed on a surface to- 
be-irradiated, characterized by comprising two reflec- 
tors for beam splitting. 

[0046] Another aspect of performance of the present 
invention consists in a beam homogenizer for forming a 
laser beam which is rectilinearly distributed on a surface 
to-be-irradiated, characterized by comprising two reflec- 
tors for beam splitting, each of said reflectors including 
a plurality of reflective surfaces, any of said plurality of 
reflective surfaces being in agreement with a locus 
which is depicted by a part of a parabola when the part 
of the parabola is translated in a direction perpendicular 
to a plane containing said parabola. 
[0047] Still another aspect of performance of the 
present invention consists in a beam homogenizer for 
forming a laser beam which is rectilineariy distributed 
on a surface to-be-irradiated, characterized by compris- 
ing: 

two reflectors for beam splitting; 
one of said reflectors including a plurality of reflec- 
tive surfaces, any of said plurality of reflective sur- 
faces being in agreement with a locus which is de- 
picted by a part of a parabola when the part of the 
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parabola is translated in a direction perpendicular 
to a plane containing said parabola; 
the other of said reflectors including a plurality of 
plane mirrors. 

5 

[0048] In each of the beam homogenizers, the laser 
beam distributed rectilinearly should preferably have a 
length of at least 600 (mm), for the reason that a sub- 
strate of large area can be efficiently irradiated with this 
10 laser beam. 

[0049] A further aspect of performance of the present 
invention consists in a laser irradiation apparatus for 
forming a laser beam which is rectilineariy distributed 
on a surface to-be-irradiated, characterized by compris- 
es jng: 

a laser oscillator: and 

two reflectors for beam splitting, each including a 
plurality of reflective surfaces; 
20 any of said plurality of reflective surfaces being in 
agreement with a locus which is depicted by a part 
of a parabola when the part of the parabola is trans- 
lated in a direction perpendicular to a plane contain- 
ing said parabola. 

25 

[0050] A still further aspect of performance of the 
present invention consists in a laser irradiation appara- 
tus for forming a laser beam which is rectilineariy dis- 
tributed on a surface to-be-irradiated, characterized by 
30 comprising: 

a laser oscillator; 

a first reflector for beam splitting, including a plural- 
ity of reflective surfaces; and 
35 asecond reflector for beam splitting, including a plu- 
rality of plane mirrors; 

any of said plurality of reflective surfaces being in 
agreement with a locus which is depicted by a part 
of a parabola when the part of the parabola is trans- 
40 lated in a direction perpendicular to a plane contain- 
ing said parabola. 

[0051] In each of the laser irradiation apparatuses, the 
laser beam distributed rectilinearly should preferably 
<*5 have a length of at least 600 (mm), for the reason that 
a substrate of large area can be efficiently irradiated with 
this laser beam. 

[0052] Also, in each of the laser irradiation apparatus- 
es, said laser oscillator should preferably be any of an 
so excimer laser, a YAG laser and a glass laser, for the rea- 
sons that the energy of the laser beam is absorbed at a 
high absorption factor by a silicon film, and that high 
power is easily obtained. 

[0053] Besides, in each of the laser irradiation appa- 
55 ratuses, said laser oscillator should preferably be any of 
a YV0 4 laser, a YLF laser and an Ar laser, for the reason 
that the energy of the laser beam is absorbed at a high 
absorption factor by a silicon film. 



EP1 122 020 A2 



6 



1 



11 



EP1 122 020 A2 



12 



[0054] In another aspect of performance of the 
present invention, a semiconductor device wherein a 
semiconductor film, a gate insulating film and a gate 
electrode are formed over an insulating surface; is char- 
acterized by comprising the fact that the semiconductor 5 
film has been irradiated with a rectilinear laser beam 
formed by a beam homogenizer which has two reflec- 
tors for beam splitting. 

[0055] A method of fabricating the semiconductor de- 
vice having the semiconductor film, gate insulating film w 
and gate electrode over the insulating surface will be 
detailed in an embodiment later. 
[0056] Another aspect of performance of the present 
invention consists in a method of fabricating a semicon- 
ductor device provided with TFTs over a substrate, char- 15 
acterized by comprising the steps of: 

forming a non-single crystalline semiconductor film 
over the substrate; 

emitting a laser beam; 20 
expanding the laser beam by two cylindrical para- 
bolic mirrors or two parabolic mirrors; 
altering a traveling direction of the expanded laser 
beam by a plurality of plane mirrors; 
splitting the laser beam of the altered traveling di- 25 
rection by two beam-splitting reflectors each of 
which includes a plurality of cylindrical parabolic 
mirrors, and furthercombining the split laser beams 
into one rectilinear laser beam on a surface to-be- 
irradiated, so as to homogenize an energy distribu- 30 
tion of the rectilinear laser beam on the surface to- 
be-irradiated; 

setting the substrate formed with the non-single 
crystalline semiconductor film, on a stage, and 
bringing a surface of said non-single crystalline 35 
semiconductor film into agreement with said sur- 
face to-be-irradiated; and 

moving the stage relatively to said rectilinear laser 
beam so as to scan said non-single crystalline sem- 
iconductor film under irradiation with said rectilinear 40 
laser beam, thereby to laser-anneal said non-single 
crystalline semiconductor film. 



[0057] Still another aspect of performance of the 
present invention consists in a method of fabricating a 45 
semiconductor device provided with TFTs over a sub- 
strate, characterized by comprising the steps of: 

forming a non-single crystalline semiconductor film 
over the substrate; 50 
emitting a laser beam; 

expanding the laser beam by two cylindrical para- 
bolic mirrors or two parabolic mirrors; 
splitting the expanded laser beam by two beam- 
splitting reflectors each of which includes a plurality 55 
of cylindrical parabolic mirrors, and further combin- 
ing the split laser beams into one rectilinear laser 
beam on a surface to-be-irradiated, so as to homog- 



enize an energy distribution of the rectilinear laser 
beam on the surface to-be-irradiated; 
setting the substrate formed with the non-single 
crystalline semiconductor film, on a stage, and 
bringing; a surface of said non-single crystalline 
semiconductor film into agreement with said sur- 
face to-be-irradiated; and 

moving the stage relatively to said rectilinear laser 
beam so as to scan said non-single crystalline sem- 
iconductor film under irradiation with said rectilinear 
laser beam, thereby to laser-anneal said non-single 
crystalline semiconductor film. 

[0058] Yet another aspect of performance of the 
present invention consists in a method of fabricating a 
semiconductor device provided with TFTs over a sub- 
strate, characterized by comprising the steps of: 

forming a non-single crystalline semiconductor film 
over the substrate; 
emitting a laser beam; 

expanding the laser beam by two cylindrical para- 
bolic mirrors or two parabolic mirrors; 
altering a traveling direction of the expanded laser 
beam by a plurality of plane mirrors; 
splitting the laser beam of the altered traveling di- 
rection by a first beam-splitting reflector which in- 
cludes a plurality of cylindrical parabolic mirrors, as 
well as a second beam-splitting reflector which in- 
cludes a plurality of plane mirrors, and further com- 
bining the split laser beams into one rectilinear laser 
beam on a surface to-be-irradiated, so as to homog- 
enize an energy distribution of the rectilinear laser 
beam on the surface to-be-irradiated; 
setting the substrate formed with the non-single 
crystalline semiconductor film, on a stage, and 
bringing a surface of said non-single crystalline 
semiconductor film into agreement with said sur- 
face to-be- irradiated; and 

moving the stage relatively to said rectilinear laser 
beam so as to scan said non-single crystalline sem- 
iconductor film under irradiation with said rectilinear 
laser beam, thereby to laser-anneal said non-single 
crystalline semiconductor film. 



[0059] A further aspect of performance of the present 
invention consists in a method of fabricating a semicon- 
ductor device provided with TFTs over a substrate, char- 
acterized by comprising the steps of: 

forming a non-single crystalline semiconductor film 
over the substrate; 
emitting a laser beam; 

expanding the laser beam by two cylindrical para- 
bolic mirrors or two parabolic mirrors; 
splitting the expanded laser beam by a first beam- 
splitting reflector which includes a plurality of cylin- 
drical parabolic mirrors, as well as a second beam- 
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splitting reflector which includes a plurality of plane 
mirrors, and further combining the split laser beams 
into one rectilinear laser beam on a surface to-be- 
irradiated, so as to homogenize an energy distribu- 
tion of the rectilinear laser beam on the surface to- 
be-irradiated; 

setting the substrate formed with the non-single 
crystalline semiconductor film, on a stage, and 
bringing a surface of said non-single crystalline 
semiconductor film into agreement with said sur- 
face to-be-irradiated; and 

moving the stage relatively to said rectilinear laser 
beam so as to scan said non-single crystalline sem- 
iconductor film under irradiation with said rectilinear 
laser beam, thereby to laser-anneal said non-single 
crystalline semiconductor film. 

[0060] A still further aspect of performance of the 
present invention consists in a method of fabricating a 
semiconductor device provided with TFTs over a sub- 
strate, characterized by comprising the steps of: 

forming a non-single crystalline semiconductor film 
over the substrate; 
emitting a laser beam; 

splitting the laser beam by two beam-splitting reflec- 
tors each of which includes a plurality of cylindrical 
parabolic mirrors, and further combining the split la- 
ser beams into one rectilinear laser beam on a sur- 
face to-be-irradiated, so as to homogenize an en- 
ergy distribution of the rectilinear laser beam on the 
surface to-be-irradiated; 

setting the substrate formed with the non-single 
crystalline semiconductor film, on a stage, and 
bringing a surface of said non-single crystalline 
semiconductor film into agreement with said sur- 
face to-be-irradiated; and 

moving the stage relatively to said rectilinear laser 
beam so as to scan said non-single crystalline sem- 
iconductor film under irradiation with said rectilinear 
laser beam, thereby to laser-anneal said non-single 
crystalline semiconductor film. 

[0061] A yet further aspect of performance of the 
present invention consists in a method of fabricating a 
semiconductor device provided with TFTs over a sub- 
strate, characterized by comprising the steps of: 

forming a non-single crystalline semiconductor film 
over the substrate; 
emitting a laser beam; 

splitting the laser beam by a first beam-splitting re- 
flector which includes a plurality of cylindrical para- 
bolic mirrors, as well as a second beam-splitting re- 
flector which includes a plurality of plane mirrors, 
and further combining the split laser beams into one 
rectilinear laser beam on a surface to-be-irradiated, 
so as to homogenize an energy distribution of the 
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rectilinear laser beam on the surface to-be-irradiat- 
ed; 

setting the substrate formed with the non-single 
crystalline semiconductor film, on a stage, and 
5 bringing a surface of said non-single crystalline 
semiconductor film into agreement with said sur- 
face to-be-irradiated; and 

moving the stage relatively to said rectilinear laser 
beam so as to scan said non-single crystalline sem- 
10 iconductorfilm under irradiation with said rectilinear 
laser beam, thereby to laser-anneal said non-single 
crystalline semiconductor film. 

[0062] In each of the methods of fabricating a semi- 
15 conductor device, an oscillator for emitting the laser 
beam should preferably be any of an excimer laser, a 
YAG laser and a glass laser, for the reasons that the 
energy of the laser beam is absorbed at a high absorp- 
tion factor by a silicon film, and that high power is easily 
so obtained. 

[0063] Besides, in each of the methods of fabricating 
a semiconductor device, an oscillator for emitting the la- 
ser beam should preferably be any of a YV0 4 laser, a 
YLF laser and an Ar laser, for the reason that the energy 
25 of the laser beam is absorbed at a high absorption factor 
by a silicon film. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 [0064] 

Figs. 1A and 1B illustrate views showing an exam- 
ple of a laser irradiation apparatus according to the 
present invention; 

35 Figs. 2A and 2B illustrate views showing a laser ir- 
radiation apparatus in the prior art; 
Fig. 3 is a view showing the shape of a reflector 
which is included in an optical system according to 
the present invention; 

40 Figs. 4A and 4B illustrate views showing an exam- 
ple of a laser irradiation apparatus according to the 
present invention; 

Figs. 5A and 5B illustrate views showing an exam- 
ple of a laser irradiation apparatus according to the 
45 present invention; 

Figs. 6A and 6B illustrate views showing an exam- 
ple of a laser irradiation apparatus according to the 
present invention; 

Fig. 7 is a view showing the shape of a reflector 
50 which is included in an optical system according to 
the present invention; 

Fig. 8 is a view showing the shape of a reflector 
which is included in an optical system according to 
the present invention; 
55 Fig. 9 is a view showing an example of a laser irra- 
diation apparatus for mass production; 
Figs. 1 0A through 1 0D are sectional views showing 
the steps of fabricating a pixel TFT, and the TFTs of 
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a driver circuit; 

Figs. 11 A through 11 C are sectional views showing 

the subsequent steps of fabricating the pixel TFT, 

and the TFTs of the driver circuit; 

Figs. 1 2A and 1 2B are sectional views showing the 

still subsequent steps of fabricating the pixel TFT, 

and the TFTs of the driver circuit; 

Figs. 13A and 1 3B are sectional views showing the 

steps of fabricating a pixel TFT, and the TFTs of a 

driver circuit; 

Figs. 1 4A and 1 4B are top views showing the struc- 
tures of the TFTs of the driver circuit and the pixel 
TFT; 

Figs. 1 5A and 1 5B are sectional views showing the 
structures of the TFTs of the driver circuit and the 
pixel TFT; 

Figs. 1 6A and 1 6B are sectional views showing the 
constructions of the TFTs of the driver circuit; 
Figs. 1 7A and 1 7B, and Figs. 1 7C and 1 7D are sec- 
tional views showing the constructions of the pixel 
TFT, respectively; 

Fig. 18 is a top view showing one pixel of a pixel unit; 
Figs. 1 9A and 1 9B are sectional views showing the 
steps of fabricating an active matrix type liquid-crys- 
tal display device; 

Fig. 20 is a top view for explaining the arrangement 
of the input/output terminals, wiring lines, circuit ar- 
rangements, spacers and sealant of the liquid-crys- 
tal display device; 

Fig. 21 is a perspective view showing the structure 
of the liquid-crystal display device; 
Fig. 22 is a block diagram for explaining the circuit 
configuration of the active matrix type display de- 
vice; 

Figs. 23A and 23B are a top view and a sectional 
view showing the structure of an EL display device; 
Figs. 24A and 24B are sectional views each show- 
ing the pixel unit of the EL display device; 
Figs. 25A and 25B are a top view and a circuit dia- 
gram of the pixel unit of the EL display device, re- 
spectively; 

Figs. 26 A through 26C are circuit diagrams each 
showing an example of the pixel unit of the EL dis- 
play device; 

Figs. 27A through 27F are schematic views each 
showing an example of a semiconductor device; 
Figs. 28A through 28D are schematic views each 
showing an example of a semiconductor device; 
and 

Figs. 29A through 29C are schematic views each 
showing the construction of a liquid-crystal display 
device of projection type. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[Embodiment Mode] 

5 

[0065] First, a glass substrate ("Coming 1 737 Glass") 
of 127 (mm) x 127 (mm) x 0.7 (mm) is prepared. The 
substrate sufficiently endures temperatures up to 600 
(°C). On the glass substrate, a silicon oxide film is 
io formed as a base film to a thickness of 200 (nm). Further, 
an amorphous silicon film is formed on the silicon oxide 
film to a thickness of 55 (nm). Both the films are formed 
by sputtering. Alternatively, they may well be formed by 
plasma CVD. 

is [0066] The substrate formed with the films is heated 
in a nitrogen atmosphere of 450 (°C) for one (hour). The 
heating step serves to lowerthe hydrogen content of the 
amorphous silicon film. When hydrogen contained in the 
amorphous silicon film is of large amount, this film can- 

20 not endure laser energy, and hence, the heating step is 
carried out. The hydrogen content of the film should 
properly be in the order of 1 rj20 / C m 3 Here, the expres- 
sion "10 20 /cm 3 " signifies that hydrogen atoms exist in 
the number of 1 0 20 /cm 3 . 

25 [0067] In this embodiment, an XeCI excimer laser 
"L3308" manufactured by Lambda Physik, Inc. is used 
as a laser oscillator 1101 (in Figs. 1 A and 1 B). The ex- 
cimer laser is a pulse laser. The maximum energy of the 
excimer laser is 500 (mJ) per pulse, the lasing wave- 

30 length thereof is 308 (nm), and the maximum frequency 
thereof is 300 (Hz). When the energy fluctuation of the 
individual pulses of the pulse laser is confined within ±1 0 
(%), preferably within ±5 (%), during the laser process- 
ing of one substrate, homogeneous crystallization can 
. 35 be effected. 

[0068] The fluctuation of laser energy levels stated 
here is defined as follows: The average value of the la- 
ser energy levels in the time period of the irradiation of 
one substrate is set as a criterion, and the difference 

40 between the minimum energy or maximum energy and 
the average value in the time period is indicated in terms 
of %. 

[0069] The irradiation of the amorphous silicon film 
with laser beams is done on a stage 1109. An optical 

45 system is adjusted so as to focalize the laser beams on 
the surface of the film (surface to-be-irradiated 1108). 
The adjustments of the optical system for exactly focal- 
izing the laser beams are made in accordance with a 
procedure stated below. 

so [0070] First, the foci of respective parabolic mirrors 
1 1 02 and 1 1 03 are brought into agreement, whereupon 
a laser beam emergent from the laser oscillator 1101 is 
expanded. Further, the expanded laser beam is intro- 
duced centrally of a reflector 11 06 by two plane mirrors 

55 1104 and 1105. The inclination of the reflector 1106 is 
finely adjusted, thereby to determine the rough position 
of a rectilinear laser beam on the surface to-be-irradiat- 
ed 1 108. Thus, the energy distribution of the rectilinear 
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laser beam in the lengthwise direction thereof is satis- 
factorily adjusted. However, the optical distance be- 
tween the reflector 1 1 06 and the surface to-be-irradiated 
1108 is adjusted to a predetermined distance before- 
hand. This distance need not be strictly set. 
[0071] Next, the energy distribution of the rectilinear 
laser beam in the widthwise direction thereof is adjust- 
ed. Initially, the inclination of a reflector 1 1 07 is adjusted 
by the eye. On this occasion, the adjustments are rough- 
ly made so that the laser beams may define one line on 
the surface to-be-irradiated 1108. When the inclination 
deviates from an appropriate position extremely, the la- 
ser beams are not unified on the surface to-be-irradiated 
1108. Subsequently, the amorphous silicon film is irra- 
diated with the laser beams, and the projection traces 
of the laser beams are examined. If the laser beams are 
not focalized precisely, their projection traces will have 
a somewhat larger width. In this state, the plurality of 
laser beams split by the reflector 11 07 are not complete- 
ly placed on one another on the surface to-be-irradiated 
1108, and no homogeneous beam is formed. On such 
an occasion, the inclination of the reflector 1 107 is finely 
adjusted so that the plurality of laser beams may be 
placed on one another to the utmost. In a case where 
the laser beams are not unified successfully by the ad- 
justment of only the inclination of the reflector 1107, the 
height of the stage 1 1 09 is finely adjusted. 
[0072] In order to heighten the homogeneity of the en- 
ergy distribution of the rectilinear laser beam, the height 
of the stage 1 1 09 and the inclination of the reflector 1 1 07 
may be precisely adjusted. In this manner, the optical 
system of the present invention has only the two parts 
to be finery adjusted, so that it can be adjusted very eas- 
ily. 

[0073] In contrast, the prior-art optical system as 
shown in Figs. 2A and 2B have the five parts to be finely 
adjusted for determining the homogeneity of the energy 
distribution of the rectilinear laser beam, namely, the cy- 
lindrical lens arrays 1202a, 1202b, 1203, the cylindrical 
lenses 1204, 1205, the doublet cylindrical lens 1208, the 
mirror 1207 and a stage. 

[0074] It is understood from the above that a time pe- 
riod required for the optical adjustments is remarkably 
shortened by the present invention. When the homoge- 
neous rectilinear laser beam as desired has been ob- 
tained by the foregoing procedure, the whole surface of 
the semiconductor film fabricated as stated before is 
successively irradiated with the laser beam. 
[0075] The irradiation with the laser beam is carried 
out, for example, while the stage 1109 shown in Figs. 
1 A and 1 B is being moved in the directions of arrows so 
as to scan the surface to-be-irradiated 1 1 08. On this oc- 
casion, the energy density of the laser beam and the 
speed of the scanning on the surface to-be-irradiated 
1 1 08 may be properly determined by the operator of the 
optical system. As an approximate aim, the energy den- 
sity lies within a range of 200 (mJ/cm 2 ) - 1 000 (mJ/cm 2 ). 
When the scanning speed is appropriately chos n so 



that the widths of the successive rectilinear laser beams 
may overlap each other within a range of 90 (%) ormore, 
homogeneous laser annealing is effected at a high pos- 
sibility. The optimum scanning speed depends upon the 
5 pulse frequency of the laser oscillator 1101, and may be 
considered proportional to the frequency. 
[0076] In this way, a laser annealing process is com- 
pleted. A large number of substrates can be processed 
by repeating the process. A liquid crystal display of ac- 
10 tive matrix type, for example, can be fabricated by uti- 
lizing the substrate. The fabrication may be done in ac- 
cordance with a known method by the operator. 
[0077] Since the optical system of the present inven- 
tion can easily create the rectilinear laser beam exceed- 
15 ing a length of 600 (mm), it is suited for incorporation 
into a line of mass production. The laser oscillator 11 01 
to be used is one of high power whose energy density 
is sufficient even when the laser beam is elongated. The 
necessary power should preferably be at least 1 (J) per 
20 pulse though it depends also upon the width of the rec- 
tilinear laser beam and the wavelength of the laser 
beam. 

[0078] In the above example, the excimer laser is em- 
ployed as the laser oscillator 1101. Alternatively, the 

25 higher harmonics of a YAG laser or those of a glass laser 
are preferably utilized for the reasons that a similar high 
power is attained, and that the energy of the laser beam 
is absorbed much by the silicon film. Other laser oscil- 
lators suitable for the crystallization of the silicon film are 

30 a YV0 4 laser, a YLF laser, an Ar laser, etc. The wave- 
length regions of these laser beams are absorbed much 
by the silicon film. 

[0079] Although the amorphous silicon film is men- 
tioned as the non-single crystalline semiconductor film 

35 in the above example, it is readily conjectured that the 
present invention will be applicable to other non-single 
crystalline semiconductor films. By way of example, the 
non-single crystalline semiconductor film may well be a 
compound semiconductor film having an amorphous 

<o structure, such as an amorphous silicon-germanium 
film. Alternatively, the non-single crystalline semicon- 
ductor film may well be a poly-crystalline silicon film as 
will have its processing method exemplified in the em- 
bodiments later. 

45 

[Embodiment 1] 

[0080] In this embodiment, an example of an optical 
system different from the foregoing optical system 

50 shown in Figs. 1 A and 1 B will be mentioned. 

[0081] Figs. 4A and 4B show the example of the op- 
tical system in this embodiment. Excepting a reflector 
1401, the construction of the optical system shown in 
Figs. 4A and 4B is quite the same as that of the optical 

55 system shown in Figs. 1 A and 1 B (including the reflector 
1106). Therefore, regarding those parts of the optical 
system shown in Figs. 4A and 4B as which the corre- 
sponding parts of the optical system shown in Figs. 1A 
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and 1 B can be utilized as they are, the same numerals 
as in Figs. 1 A and 1 B shall be assigned also in Figs. 4A 
and 4B. 

[0082] Referring to Figs. 4A and 4B, until a laser beam 
reaches the reflector 1401, it passes along quite the 5 
same optical path as in the optical system shown in Figs. 
1 A and 1B. The reflector 1401 is made up of a plurality 
of cylindrical parabolic mirrors likewise to the reflector 
1106. Whereas the reflector 1106 is an aggregate of 
concave mirrors, the reflector 1401 is an aggregate of 10 
convex mirrors. Both 1106 and 1401 differ in this point. 
Therefore, the laser beam entering the reflector 1401 as 
shown by arrows in Figs. 4A and 4B is reflected, and the 
reflected laser beams travel while being spread in the 
directions of arrows indicated in the figure. Then, the 15 
laser beams are spread into a certain specified range 
on a surface to-be- irradiated 1108. 
[0083] Fig . 7 shows the details of the shape of the re- 
flector 1401. Fig. 7 is a view seen in the same direction 
as in Figs. 4A and 4B. Although the reflector 1401 in- 20 
eludes the four cylindrical parabolic mirrors in Fig. 4A, 
a reflector 1700 including two cylindrical parabolic mir- 
rors (1 701 , 1 702) will be illustrated for the sake of brevity 
in Fig. 7. 

[0084] Referring to Fig. 7, the cylindrical parabolic 25 
mirror 1701 can be indicated as a part of a parabola 
1 705 which has a focus at a point 1 704. When a straight 
line bisecting the parabola 1705 and the direction of en- 
trance of a laser beam are made parallel to each other, 
the laser beam is reflected from the cylindrical parabolic 30 
mirror 1701 while being spread about the focus 1704. 
The reflected laser beam is spread into a certain spec- 
ified range on a surface to-be-irradiated 1703. 
[0085] Likewise, the laser beam reflected from the cy- 
lindrical parabolic mirror 1 702 is spread into a certain 35 
specified range on the surface to-be-irradiated 1703. 
The reflective surfaces of the cylindrical parabolic mir- 
rors 1701, 1702 are adjusted so that both the laser 
beams reflected therefrom may reach the same area of 
the surface to-be-irradiated 1 703. Thus, the laser beam 40 
having entered the reflector 1 700 is homogenized on the 
surface to-be-irradiated 1703. 

[0086] The optical system described in this embodi- 
ment is utilized for laser-annealing a semiconductor film 
in accordance with, for example, the method explained 45 
with reference to Figs. 1 A and 1 B. A liquid crystal display 
of active matrix type, for example, can be fabricated by 
utilizing the laser-annealed semiconductor film. The fab- 
rication may be done in accordance with a known meth- 
od by the operator of the optical system. so 

[Embodiment 2] 

[0087] In this embodiment, an example of another op- 
tical system different from Embodiment 1 will be men- 55 
tioned. 

[0088] Figs. 5A and 5B show the example of the op- 
tical system in this embodiment. Excepting a reflector 



1501, the construction of the optical system shown in 
Figs. 5A and 5B is quite the same as that of the optical 
system shown in Figs. 1 A and 1 B (including the reflector 

1106) . Therefore, regarding those parts of the optical 
system shown in Figs. 5A and 5B as which the corre- 
sponding parts of the optical system shown in Figs. 1 A 
and 1B can be utilized as they are, the same numerals 
as in Figs. 1 A and 1 B shall be assigned also in Figs. 5A 
and 5B. 

[0089] Referring to Figs. 5A and 5B, until a laser beam 
reaches the reflector 1501, it passes along quite the 
same optical path as in the optical system shown in Figs. 
1 A and 1 B. The reflector 1 501 is made up of a plurality 
of cylindrical parabolic mirrors likewise to the reflector 
1106. Whereas the reflector 1106 is an aggregate of 
concave mirrors, the reflector 1501 is an aggregate of 
convex mirrors and concave mirrors. In the example of 
Figs. 5A and 5B, the convex mirrors and the concave 
mirrors are alternately arranged. Both 1106 and 1501 
differ in this point. The laser beam entering the reflector 
1 501 as shown by arrows in Figs. 5A and 5B is reflected, 
and the reflected laser beams travel in the directions of 
arrows indicated in the figure. Then, the laser beams 
are spread into a certain specified range on a surface 
to-be-irradiated 1108. 

[0090] Even when the concave mirrors and the con- 
vex mirrors coexist, the reflector 1501 can be endowed 
with the same function as that of the reflector 1106 or 
1401 . The reflector 1501 can be formed by the coexist- 
ence of the shapes of the reflective surfaces detailed in 
conjunction with Figs. 3 and 7. Although the convex mir- 
rors and the concave mirrors are alternately arranged 
in the reflector 1501, mirrors may well be arranged in 
the sequence of, for example, the convex, convex, con- 
cave and concave mirrors, orthe concave, convex, con- 
vex and concave mirrors. 

[0091] The optical system described in this embodi- 
ment is utilized for laser-annealing a semiconductor film 
in accordance with, for example, the method explained 
with reference to Figs. 1 A and 1 B. A liquid crystal display 
of active matrix type, for example, can be fabricated by 
utilizing the laser-annealed semiconductor film. The fab- 
rication may be done in accordance with a known meth- 
od by the operator of the optical system. 

[Embodiment 3] 

[0092] In this embodiment, an example of another op- 
tical system different from Embodiments 1 and 2 will be 
mentioned. 

[0093] Figs. 6A and 6B show the example of the op- 
tical system in this embodiment. Excepting a reflector 
1601, the construction of the optical system shown in 
Figs. 6A and 6B is quite the same as that of the optical 
system shown in Figs. 1 A and 1 B (including the reflector 

1107) . Therefore, regarding those parts of the optical 
system shown in Figs. 6A and 6B as which the corre- 
sponding parts of the optical system shown in Figs. 1 A 
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and 1 B can be utilized as they are, the same numerals 
as in Figs. 1 A and 1 B shall be assigned also in Figs. 6A 
and 6B. 

[0094] Referring to Figs. 6A and 6B, until laser beams 
reach the reflector 1 601 , they pass along quite the same 5 
optical paths as in the optical system shown in Figs. 1 A 
and 1B. Unlike the reflector 1106, the reflector 1601 is 
made up of a plurality of plane mirrors. Reflected lights 
from the individual plane mirrors are combined into one 
beam on a surface to-be-irradiated 1108. Thus, the re- 
flector 1601 can be endowed with the same function as 
that of the reflector 1107. Since the reflector 1601 ho- 
mogenizes the energy distribution of a rectilinear laser 
beam in the widthwise direction thereof, it need not ex- 
pand the laser beams. Accordingly, the reflector 1601 
may be made up of the plane mirrors. 
[0095] An enlarged view of the reflector 1 60 1 is shown 
as a reflector 1 800 in Fig. 8. Laser beams are reflected 
by a plurality of plane mirrors 1 801 , 1 802 and 1 803 con- 
stituting the reflector 1800, and the reflected laser 
beams are condensed on the same area of a certain 
plane 1 804. Thus, the energy distributions of the laser 
beams can be homogenized on the certain plane 1 804 
by the reflector 1 800. 

[0096] The reflector 1601 explained in this embodi- 
ment can be performed in optional combination with any 
of the optical systems described with reference to Figs. 
1A and 1B and in Embodiments 1 and 2. 

[Embodiment 4] 

[0097] In this embodiment, there will be mentioned an 
example in which a poly-crystalline silicon film is irradi- 
ated with a laser beam. First, the poly-crystalline silicon 
film is fabricated by a method as explained below. 
[0098] A substrate of "Corning Glass 1737" is em- 
ployed as a glass substrate. A silicon oxide film being 
200 (nm) thick, and an amorphous silicon film being 50 
(nm) thick are successively formed on one surface of 
the glass substrate. Processes forforming the films may 
be plasma CVD, sputtering, etc. Thereafter, the amor- 
phous silicon film is crystallized by thermal annealing. 
The thermal annealing is carried out by, for example, 
exposing the amorphous silicon film to a nitrogen atmos- 
phere of 600 (°C) for 24 (hours). 
[0099] Alternatively, the amorphous silicon film may 
well be crystallized by RTA or the like method. Besides, 
the amorphous silicon film may well be crystallized by a 
method described in the official gazette of Japanese 
Patent Laid-Open No. 7-130652. An example in the lat- 
ter case will be explained below. 
[0100] Initially, an amorphous semiconductor film 
having a thickness of 25 - 100 (nm) is formed on the 
base film (for example, a silicon oxide film being 200 
(nm) thick) of a glass substrate. Applicable as the amor- 
phous semiconductor film is any of an amorphous sili- 
con film, an amorphous silicon-germanium (a-SiGe) 
film, an amorphous silicon carbide (a-SiC) film, an amor- 



phous silicon-tin (a-SiSn) film, etc. Such an amorphous 
semiconductor film may be formed so as to contain hy- 
drogen about 0.1 - 40 (%) based on the total number of 
atoms contained in this amorphous semiconductor film. 
By way of example, the amorphous silicon film is formed 
having a thickness of 55 (nm). Subsequently, a layer 
containing a catalyst element is formed by spin coating 
in which the resulting substrate is coated with a solution 
containing the catalyst element at a concentration of 1 0 
(ppm) in terms of weight, while being rotated by a spin- 
ner. Usable as the catalyst element is any of nickel (Ni), 
germanium (Ge), iron (Fe), palladium (Pd), tin (Sn), lead 
(Pb), cobalt (Co), platinum (Pt), copper (Cu), gold (Au), 
etc. The layer containing the catalyst element may be 
formed to a thickness of 1 - 5 (nm) by the spin coating, 
or alternatively by printing, spraying, a bar coater meth- 
od, sputtering or vacuum evaporation. 
[0101] In a process for crystallization, a heat treat- 
ment is carried out at 400 - 500 (°C) in a nitrogen atmos- 
phere for about one (hour), thereby to decrease the hy- 
drogen content of the amorphous silicon film to or below 
5 (%) based on the total number of atoms contained in 
this amorphous silicon film. The heat treatment is not 
always necessary in a case where the amorphous sili- 
con film as formed has already had the hydrogen con- 
tent of or below 5 (%). Subsequently, thermal annealing 
is performed at 550 - 600 (°C) in a nitrogen atmosphere 
for 1 - 8 (hours) by employing an annealing furnace. A 
poly-crystalline semiconductor film formed of a poly- 
crystalline silicon film can be obtained by the above 
steps. However, when the poly-crystalline semiconduc- 
tor film fabricated by the thermal annealing is observed 
with an optica! microscope, amorphous regions remain- 
ing locally are sometimes noted. In such a case, an 
amorphous component having a broad peak at 480 
(cm -1 ) is similarly observed by Raman spectroscopy. It 
is therefore applicable as effective means that, after the 
thermal annealing, the poly-crystalline semiconductor 
film is processed by the laser annealing according to this 
embodiment, thereby to enhance the crystallinity of this 
film. 

[0102] Next, a method in which a layer containing a 
catalyst element is formed by sputtering will be ex- 
plained as another example of crystallization employing 
the catalyst element. Likewise to the foregoing, an 
amorphous semiconductor film having a thickness of 25 
- 100 (nm) is formed on the base film of a glass sub- 
strate. Subsequently, an oxide film being about 0.5 - 5 
(nm) thick is formed on the surface of the amorphous 
semiconductor film. Although the oxide film of such a 
thickness may well be positively formed by plasma CVD, 
sputtering or the like, it may be formed by heating the 
resulting substrate to 1 00 - 300 (°C) and then exposing 
the surface of the amorphous semiconductor film to an 
oxygen atmosphere which is turned into plasma, or by 
exposing the surface of the amorphous semiconductor 
film to a solution which contains hydrogen peroxide 
(H 2 0 2 ). Alternatively, the oxide film can be formed in 
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such a way that ozone is produced by projecting ultra- 
violet fight into an oxygen containing atmosphere, and 
that the amorphous semiconductor film is exposed to 
the ozone atmosphere. 

[0103] The layer containing the catalyst element is 5 
termed on the amorphous semiconductor film thus 
formed with the thin oxide film on its surface by the sput- 
tering. Although the thickness of the layer is not restrict- 
ed, it may be about 1 0 - 1 00 (nm). By way of example, 
it is an effective method to form a nickel (Ni) film by em- 10 
ploying Ni as a target. With the sputtering, some of high 
energy particles made of the catalyst element and ac- 
celerated by an electric field come flying to the side of 
the substrate, and they are implanted into the vicinity of 
the surface of the amorphous semiconductor film or into < 5 
the oxide film formed on the surface of this semiconduc- 
tor film. Although the proportion of the high energy par- 
ticles which come flying to the substrate side differs de- 
pending upon conditions for creating plasma and the bi- 
ased state of the substrate, the dose of the catalyst el- 20 
ement which is implanted into the vicinity of the surface 
of the amorphous semiconductor film or into the oxide 
film should preferably be set on the order of 1 x 10 11 - 
1 x 10 14 (/cm2). 

[01 04] Thereafter, the layer containing the catalyst el- 25 
ement is selectively removed. In the exemplified case 
where the layer is formed of the Ni film, it can be re- 
moved with a solution of nitric acid or the like. Alterna- 
tively, when the substrate is processed with an aqueous 
solution containing hydrofluoric acid, the Ni film and the 30 
oxide film formed on the amorphous semiconductor film 
can be simultaneously removed. Anyway, the dose of 
the catalyst element in the vicinity of the surface of the 
amorphous semiconductor film is set on the order of 1 
x 10 11 - 1 x 10 14 (/cm 2 ) beforehand. Further, a crystal- 35 
lizing process based on thermal annealing is performed 
as in the foregoing, whereby a poly -crystalline semicon- 
ductor film can be obtained. The poly-crystalline semi- 
conductor film is subjected to laser annealing by an ap- 
paratus and a method according to the present inven- 40 
tion. 

[01 05] The laser irradiation apparatus to be employed 
is any of the apparatuses described with reference to 
Figs. 1A and 1B and used in Embodiments 1 - 3. Be- 
sides, the laser irradiation method may be the same as 
described with reference to Figs. 1A and 1B. Since, 
however, the subject for irradiation in this embodiment 
is somewhat different from the foregoing one shown in 
Figs. 1 A and 1B, such conditions as the energy density 
and scanning speed of the laser beam on the surface so 
to-be-irradiated must be properly determined by the op- 
erator of the apparatus. 

[0106] An active matrix substrate can be completed 
on the basis of the poly-crystalline semiconductor film 
prepared by the above fabricating method. However, in 55 
the case where the catalyst element promoting the crys- 
tallization of silicon is used in the crystallizing process, 
the catalyst element in slight amounts (on the order of 
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1 x 10 17 - 1 x 10 19 /cm 3 ) remain in insular semiconduc- 
tor layers. Of course, TFTs can be finished up even in 
such a state, but the remaining catalyst element should 
more preferably be removed from, at least, the channel 
forming regions of the TFTs. An expedient for removing 
the catalyst element is one which utilizes a gettering ac- 
tion based on phosphorus (P). 
[0107] A gettering treatment based on phosphorus 
(P) for this purpose can be simultaneously performed 
by the step of activating semiconductor layers. The den- 
sity of phosphorus (P) necessary for gettering may be 
substantially equal to the impurity densities of heavily- 
doped n-type impurity regions, and the catalyst element 
can be segregated from the channel forming regions of 
the n-channel TFT and p-channel TFT into the impurity 
regions containing phosphorus (P), by the thermal an- 
nealing of the activating step. As a result, the catalyst 
element on the order of 1 x 1 0 17 - 1 x 1 0^/cm 3 is seg- 
regated in the impurity regions. Since the TFTs thus fab- 
ricated have a decreased OFF-current value and a good 
crystal Unity, they attain a high field-effect mobility and 
can achieve favorable characteristics. 

[Embodiment 5] 

[0108] In the present embodiment, an example of the 
laser irradiation apparatus for mass production will be 
described with reference to Fig. 9. Fig. 9 is a top view 
of the laser irradiation apparatus. An example of the la- 
ser irradiation apparatus can be applied to a basic size 
having 600 x 720 mm, or more. 
[0109] A substrate on which a no n -single crystalline 
silicon film is formed is carried from a load/unload cham- 
ber 1 901 by the use of a carrying robot arm 1 903 mount- 
ed in a transfer chamber 1902. The non-single crystal- 
line silicon film may be formed in accordance with the 
above-mentioned example. First, the substrate is 
aligned in an alignment chamber 1904 and then is car- 
ried to a pre-heat chamber 1 905. In the pre-heat cham- 
ber 1 905, the substrate is previously heated to a desired 
temperature of about 300°C, for example, by the use of 
an infrared lamp heater. The heating of the substrate is 
performed for the purpose of supplying energy of the 
laser beam in the case that the energy density of the 
laser beam is not sufficient to perform laser annealing 
on the non-single crystalline semiconductor film. There- 
after, the substrate is placed in a laser irradiation cham- 
ber 1 907 via a gate valve 1 906 and then the gate valve 
1906 is closed. 

[0110] A laser beam is emitted by the laser oscillator 
1900 described in the embodiment mode and then is 
bent downward 90 degrees by a reflection mirror 1107 
(a reflection mirror 1601 may be used) placed directly 
above a quartz window 1 91 0 via an optical system 1 909 
disclosed in the present invention, and is transformed 
into a rectilinear laser beam at a surface to-be-irradiated 
in the laser irradiation chamber 1 907 via the quartz win- 
dow 1910. The laser beam is applied to the substrate 
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placed at the irradiate surface. It Is recommended that 
the above-mentioned optical system be used as the op- 
tical system 1 909, or the one similar to the optical sys- 
tem may be used. It is preferable to use an excimer 
grade quartz window because high transmissivity and 
high durability against the laser beam can be obtained. 
[0111] The laser irradiation chamber 1907 is evacu- 
ated by a vacuum pump 1911 to make the atmosphere 
of the laser irradiation chamber 1 907 a high vacuum of 
about 1 0' 3 Pa before the irradiation of the laser beam, 
or the atmosphere of the laser irradiation chamber 1 907 
is made a desired atmosphere by the vacuum pump 
1911 and a gas bomb 1912. As described above, the 
above atmosphere may be He, Ar, H 2 , or the mixed gas 
of them. Or, the atmosphere of the laser irradiation 
chamber 1907 may not be controlled. 
[0112] Then, the substrate is scanned by a moving 
mechanism 1913 under irradiation with the laser beam. 
At this time, an infrared lamp (not shown) may be ap- 
plied to the spot irradiated with the rectilinear laser 
beam. This can overcome the energy shortage of the 
laser beam. 

[01 1 3] After the laser beam irradiation is finished, the 
substrate is carried to a cooling chamber 1 908 to be al- 
lowed to cool slowly and then is returned to the load/ 
unload chamber 1 901 via the alignment chamber 1 904. 
In this manner, many substrates can be annealed with 
laser by repeating these actions. 
[01 1 4] The embodiment 5 can be used in combination 
with the embodiment mode and another embodiments 
of the present invention. 

[Embodiment 6] 

[0115] Embodiment 6 of the present invention will be 
explained using Figs. 10 to 12. A method of manufac- 
turing a pixel TFT and a storage capacitor of a pixel por- 
tion, and a driver circuit TFT formed in the periphery of 
the pixel portion, at the same time is explained in detail 
here in accordance with process steps. 
[0116] In Fig. 10A, a glass substrate made of, e.g., 
barium borosilicate glass, aluminum borosilicate glass, 
typically Corning Corp. #7059 or #1737 glass, or a 
quartz substrate is used as a substrate 1 01 . In the case 
where a glass substrate is employed, heat treatment 
may be performed in advance at a temperature lower 
than the glass strain temperature by about 1 0 to 20°C. 
A base film 102 is then formed from an insulating film 
such as a silicon oxide film, a silicon nitride film, or a 
silicon oxynitride film on the surface of the substrate 1 01 
on which the TFTs are formed, in order to prevent diffu- 
sion of the impurity. For example, a lamination layer is 
formed from a silicon oxynitride film 102a from SiH 4> 
NH 3 and N 2 0 to a thickness of 1 0 to 200 nm (preferably 
between 50 and 100 nm) by plasma CVD, and a hydro- 
genated silicon oxynitride film 102b from SiH 4 and N 2 0 
to a thickness of 50 to 200 nm (preferably between 1 00 
and 150 nm) by plasma CVD. A two layer structure is 



shown for the base film 1 02 here, but a single layer film 
of the above insulating films, or a lamination film having 
more than two layers may also be formed. 
[0117] The silicon oxynitride film is formed using a 
5 parallel plate type plasma CVD method. For forming the 
silicon oxynitride film 102a, SiH 4 of 10 SCCM, NH 3 of 
100 SCCM and N 2 0 of 20 SCCM are introduced to a 
reaction chamber, the substrate temperature is set to 
325°C, the reaction pressure is 40 Pa, the discharge 
10 power density is set to 0.41 W/cm 2 and the discharge 
frequency is 60 MHz. On the other hand, for the hydro- 
genated silicon oxynitride film 1 02b, SiH 4 , N 2 0, and H 2 
are introduced to the reaction chamber at 5 SCCM, 120 
SCCM, and 125 SCCM, respectively, the substrate tern- 
's perature is set to 400°C, the reaction pressure is 20 Pa, 
the discharge power density is set to 0.41 W/cm 2 , and 
the discharge frequency is 60 MHz. These films can be 
formed in succession by changing the substrate temper- 
ature and switching the reaction gasses. 
20 [0118] The silicon oxynitride film 102a thus formed 
has a density of 9.28 x 10 22 /cm 3 , has a slow etching 
rate of approximately 63 nm/min when etched by a 
mixed solution containing 7.13% ammonium bifluoride 
(NH 4 HF 2 ) and 15.4% ammonium fluoride (NH 4 F) (Stella 
25 Chemifa Corp., product name LAL500) at 20°C. If this 
type of film is used in the base film, then the base film 
is effective in preventing diffusion of alkaline metal ele- 
ments from the glass substrate into the semiconductor 
layer formed on the base film. 
30 [0119] Next, a semiconductor layer 103a having an 
amorphous structure is formed by a method such as 
plasma CVD or sputtering to a thickness of 25 to 100 
nm (preferably between 30 and 70 nm). Semiconductor 
films having an amorphous structure include amor- 
35 phous semiconductor layers and micro-crystalline sem- 
iconductor films, and a chemical compound semicon- 
ductor film having an amorphous structure such as an 
amorphous silicon germanium film may also be applied. 
In the case where an amorphous silicon film is formed 
^o by plasma CVD, it is possible to form both the base film 
102 and the amorphous semiconductor layer 103a in 
succession. For example, as stated above, after forming 
the silicon oxynitride film 1 02a and the hydrogenated sil- 
icon oxynitride film 102b successively by plasma CVD, 
45 the amorphous semiconductor layer 103a can be 
formed in succession without exposure to the atmos- 
phere by switching the reaction gasses from SiH 4 , N 2 0, 
and H 2 to SiH 4 and H 2 or only SiH 4 . As a result, it be- 
comes possible to prevent contamination of the surface 
50 of the hydrogenated silicon oxynitride film 1 02b, and a 
dispersion in the characteristics of the manufactured 
TFTs and fluctuations in their threshold voltage can be 
lowered. 

[0120] A crystallization process is then performed, 
55 and a crystalline semiconductor layer 1 03b is manufac- 
tured from the amorphous semiconductor layer 1 03a. 
The crystallization method disclosed in the present in- 
vention can be applied as the method. In the case where 
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the above mentioned glass substrate or a plastic sub- 
strate having inferior heat resistance is used, it is pref- 
erable to apply the laser annealing method disclosed in 
the present invention. In this laser annealing process, 
first it is preferable to release hydrogen contained in the 5 
amorphous semiconductor layer which becomes an ob- 
ject for the laser irradiation, and if the crystallization is 
performed after the amount of hydrogen contained is 
made equal to or less than 5 atom% by performing heat 
treatment at 400 to 500°C for approximately 1 hour, then 10 
roughness of the film surface can be prevented. 
[0121] Further, SiH 4 and argon (Ar) are used in a re- 
action gas in a process of forming an amorphous silicon 
film by plasma CVD, and if the substrate temperature is 
set from 400 to 450°C at the time of film deposition, then 15 
the concentration of hydrogen contained within the 
amorphous silicon film can also be made equal to or less 
than 5 atom%. The heat treatment for releasing hydro- 
gen becomes unnecessary in this case. 
[01 22] The laser irradiation apparatus disclosed in the 20 
present invention is used, thereby the crystalline semi- 
conductor layer 103b as shown in Fig. 10B can be ob- 
tained. 

[0123] Then, resist pattern is formed using a photoli- 
thography technique employing a first photomask PM1 25 
on the crystalline semiconductor layer 103b. The crys- 
talline semiconductor layer is then partitioned into is- 
land-like shapes by dry etching, forming the island-like 
semiconductor layers 1 04 to 1 08, as shown in Fig. 10C. 
A gas mixture of CF 4 and 0 2 is used in the dry etching so 
of the crystalline silicon film. 

[01 24] An impurity element which imparts p-type con- 
ductivity may then be added at a concentration of about 
1 x 10 16 to 5 x 10 17 atoms/cm 3 to the entire surface of 
the island-like semiconductor layers, with an aim of con- 35 
trolling the threshold voltage (Vth) of theTFTs. Elements 
existing in periodic table group 13, such as boron (B), 
aluminum (A!), and gallium (Ga) are known as impurity 
elements which will impart p-type conductivity with re- 
spect to semiconductors. Ion injection and ion doping 40 
(or ion shower doping) can be used as the method of 
adding the impurity element, though ion doping is suit- 
able for processing a large area substrate. Boron (B) is 
added by ion doping using diborane (B2H 6 ) as a source 
gas. This type of impurity element injection is not always 45 
necessary and may be omitted without any hindrance. 
In particular, it is a method appropriately used in order 
to keep the threshold voltage of an n-channel TFT within 
a predetermined range. 

[0125] A gate insulating film 109a is formed with a so 
thickness of 40 to 150 nm from an insulating film con- 
taining silicon by plasma CVD or sputtering. In Embod- 
iment 6, a 120 nm thick silicon oxynrtride film is used to 
form the gate insulating film. Further, since a silicon ox- 
ynitride film formed by adding 0 2 to SiH 4 and N 2 0 has 55 
a reduced fixed charge density within the film, it is a pref- 
erable material for this type of use. Furthermore, a sili- 
con oxynrtride film made from SiH 4 , N a O and H 2 has a 
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lowered defect density in the interface with the gate in- 
sulating film, which is preferable. Of course, the gate 
insulating film is not limited to such a silicon oxynrtride 
film, and other insulating films containing silicon may al- 
so be used, in a single layer or a multiple layer structure. 
For example, when using a silicon oxide film, it can be 
formed by plasma CVD with a mixture of TEOS (tetrae- 
thoxysilane) and 0 2 , at a reaction pressure of 40 Pa, 
with the substrate temperature set from 300 to 400°C, 
and by discharging at a high frequency (13.56 MHz) 
electric power density of 0.5 to 0.8 W/cm 2 . Good char- 
acteristics as a gate insulating film can be obtained by 
subsequently performing thermal annealing of the sili- 
con oxide film thus manufactured at 400 to 500°C. 
[01 26] A heat resistant conductive layer 111 for form- 
ing a gate electrode is then formed to a thickness of 200 
to 400 nm (preferably between 250 and 350 nm) on the 
first shape gate insulating film 109a, as shown in Fig. 
1 0D. The heat resistant conductive layer may be formed 
by a single layer and may also be a lamination structure 
composed of a plurality of layers such as a two layers 
or three layers structure, if necessary. In this specifica- 
tion, the heat resistant conductive layer contains an el- 
ement chosen from the group consisting of Ta, Ti, and 
W or an alloy of the above elements, or an alloy film of 
a combination of said elements. These heat resistant 
conductive layers are formed by sputtering or CVD, and 
it is preferable to reduce the impurity concentration con- 
tained in order to make the resistance low. In particular, 
it is preferable to make the concentration of oxygen 
equal to or less than 30 ppm. A 300 nm thick W film is 
formed in Embodiment 6. The W film may be formed by 
sputtering with W as a target, and can also be formed 
by thermal CVD using tungsten hexafluoride (WF 6 ). 
Whichever is used, it is necessary to be able to make 
the film become low resistance in order to use as the 
gate electrode, and it is preferable that the resistivity of 
the W film be made equal to or less than 20 uX2cm. The 
resistivity can be lowered by enlarging the crystals of 
the W film, but for cases in which there are a many im- 
purity elements such as oxygen within the W film, crys- 
tallization is inhibited, and the film becomes high resist- 
ance. Thus a W target having a purity of 99.9999% is 
used in sputtering, and by additionally forming the W film 
taking sufficient care so as not to introduce any impuri- 
ties from within the gas phase at the time of film depo- 
sition, a resistivity of 9 to 20 |i£2cm can be achieved. 
[01 27] When using a Ta film in the heat resistant con- 
ductive layer 11 1 , it is possible to form the Ta film simi- 
larly by sputtering. Ar is used in the sputtering gas for 
the Ta film. Further, if an appropriate amount of Xe and 
Kr are added to the gas at the time of sputtering, then 
the internal stress of the film formed is relaxed, and film 
peeling can be prevented. The resistivity of an a phase 
Ta film is about 20 ul2cm, and it can be used in the gate 
electrode, but the resistivity of a 0 phase Ta film is about 
180 uX2cm and it is unsuitable for the gate electrode. A 
TaN film possesses a crystal structure which is close to 
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that of the a phase Ta film, and therefore an a phase Ta 
film can easily be obtained provided that a TaN film is 
formed under the Ta film. Further, although not shown 
in the figures, it is effective to form a silicon film doped 
by phosphorous (P) to a thickness of about 2 to 20 nm s 
under the heat resistant conductive layer 111 . By doing 
that, improving the adhesion and preventing oxidation 
of the conductive film formed on top, at the same time 
alkaline metal elements contained in the heat resistant 
conductive layer 111 in microscopic amounts can be 10 
stopped from diffusing into the first shape gate insulating 
film 1 09a by doing so. Whichever is used, it is preferable 
that the resistivity of the heat resistant conductive layer 
111 be in a range from 1 0 to 50 jiOcm. 
[01 28] Next, masks 1 1 2 to 1 1 7 are resists formed by is 
a photolithography technique using a second photo- 
mask PM2. A first etching process is then performed. 
The etching is performed in Embodiment 6 using an ICP 
etching apparatus, using Cl 2 and CF 4 as etching gas- 
ses, inputting an RF (13.56 MHz) power of 3.2 W/cm 2 20 
at 1 Pa of pressure to form a plasma. A 224 mW/cm 2 
RF (13.56 MHz) power is also introduced to the sub- 
strate side (sample stage), and therefore a negative self 
bias voltage is effectively applied. The etching speed of 
the W film is approximately 100 nrn/min under these 25 
conditions. The etching time in order to exactly etch the 
W film is estimated based on this etching speed, further 
an etching time forthe first etching process is set at 20% 
more greater than the estimated etching time. 
[01 29] Conductive layers having a first tapered shape 30 
1 1 8 to 1 23 are formed by the first etching process. The 
angle of the tapered portions is formed from 15 to 30 
degrees. In orderto perform etching without leaving any 
residual, over etching is performed in which the etching 
time is increased by a ratio of about 1 0 to 20%. The se- 35 
lectivity of a silicon oxynitride film (the first shape gate 
insulating film 109a) with respect to the W film is be- 
tween 2 and 4 (typically 3), and therefore the exposed 
surface of the silicon oxynitride film is etched on the or- 
der of 20 to 50 nm by the over etching process, and a 40 
second shape gate insulating film 109b, in which a ta- 
pered shape is formed in near the edge portion of the 
conductive layer having the first tapered shape, is 
formed. 

[01 30] A first doping process is then performed so that 
impurity elements with one conductivity type are added 
into the island-like semiconductor layers. A process of 
adding an impurity element which imparts n-type con- 
ductivity is performed here. The masks 112 to 117 for 
forming the first shape conductive layers are left as it is, so 
and with the first tapered shape conductive layers 1 1 8 
to 123 are used as a mask, the impurity element which 
imparts n-type conductivity is added by ion doping in a 
self-aligning manner. The ion doping is performed using 
a dose amount of 1 x 1 013 to 5 x 10 14 atoms/cm 2 and 55 
with the acceleration voltage set between 80 and 160 
keV in order for the n-type conductivity imparting impu- 
rity element to be added so as to pass through the ta- 
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pered portion in the edge portion of the gate electrode 
and through the gate insulating film, and so as to reach 
the semiconductor layers placed below. An element re- 
siding in periodic table group 15 is used as the impurity 
element which imparts n-type conductivity, typically 
phosphorous (P) or arsenic (As), and phosphorous (P) 
is used here. The impurity element which imparts n-type 
conductivity is added to first impurity regions 124, 126, 
128, 130, and 132 here by the ion doping process at a 
concentration in the range of 1 x 1 0 20 to 1 x 1 0 21 atoms/ 
cm 3 . Although there is not necessarily a uniform con- 
centration within second impurity regions (A) formed be- 
low the tapered portion, the n-type conductivity impart- 
ing impurity element is added within a range of 1x1 0 1 7 
to IxlO 20 atoms/cm 3 . 

[0131] The change in concentration of the n-type con- 
ductivity imparting impurity element contained in a por- 
tion of second impurity regions (A) 125, 127, 129, 131, 
and 133 overlapping at least the first shape conductive 
layers 1 1 8 to 1 23 reflects the change in thickness of the 
tapered portion. In other words, the concentration of 
phosphorous (P) added to the second impurity regions 
(A) 125, 127, 129, 131, and 133 gradually becomes low 
from the edge portion of the conductive layers toward 
the inside in the region overlapping with the first shape 
conductive layers. The concentration of phosphorous 
(P) reaching the semiconductor layers changes due to 
the difference in a film thickness of the tapered portion. 
[0132] Then, a second etching process is performed 
as shown in Fig. 11B. The etching process is also sim- 
ilarly performed by an ICP etching apparatus with a 
mixed gas of CF 4 and Cl 2 used in the etching gas, the 
etching is performed with an RF power of 3.2 W/cm 2 
(13.56 MHz), a bias power of 45 mW/cm 2 (13.56 MHz), 
and at a pressure of 1 .0 Pa. Conductive layers 140 to 
145 having a second shape formed under this condi- 
tions are formed. A tapered portion is formed in each 
edge portions, and this becomes a tapered shape in 
which the thickness gradually increases from the edge 
portion toward the inside. Compared with the first etch- 
ing process, the ratio of anisotropic etching becomes 
greater in the substrate side by the amount that the ap- 
plied bias power is reduced, and the angle of the tapered 
portion becomes from 30 to 60°. Further, the surface of 
the second shape gate insulating film 1 09b is etched on 
the order of 40 nm, newly forming a third shape gate 
insulating film 1 09c. 

[01 33] An impurity element which imparts n-type con- 
ductivity is then doped at conditions of a dose amount 
lower than that of the first doping process, and at a high 
acceleration voltage. For example, the acceleration volt- 
age is set between 70 and 120 keV, and doping is per- 
formed with a dose amount of 1 x 1 0 13 atoms/cm 2 , so 
as to make the impurity concentration in a region over- 
lapping with the second shape semiconductor layers 
140 to 145 be from 1 x 10 16 and 1 x 10 18 atoms/cm 3 . 
Second impurity regions (B) 146 to 150 are thus formed. 
[01 34] Impurity regions 1 56 and 1 57 with an opposite 
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conductivity type are then formed in the island-like sem- 
iconductor layers 1 04 and 1 06 which form p-channel 
TFTs. The second shape conductive layers 1 40 and 1 42 
are used as a mask in this case as well, and an impurity 
element which imparts p-type conductivity is added. The $ 
impurity regions are formed in a self-aligning manner. 
The island-like semiconductor layers 1 05, 1 07, and 1 08, 
which form n -channel TFTs, are covered over their en- 
tire surfaces by resist masks 151 to 153, formed using 
a third photomask PM3. Impurity regions 156 and 157 
formed here are formed by ion doping using diborane 
(BgHe). The concentration of the p-type conductivity im- 
parting impurity element in the impurity regions 156 and 
157 is set so as to become 2 x 1 0 20 to 2 x 1 0 21 atoms/ 
cm 3 . 

[01 35] The impurity regions 1 56 and 1 57 can be seen 
as being divided into three regions containing n-type 
conductivity imparting impurity elements. Third impurity 
regions 156a and 157a contain the impurity element 
which imparts n-type conductivity at a concentration of 
1 x 102°to 1 x 10 21 atoms/cm 3 , fourth impurity regions 
(A) 156c and 157c contain the impurity element which 
imparts n-type conductivity at a concentration of 1 x 1 0 17 
and 1 x 10 20 atoms/cm 3 , and fourth impurity regions (B) 
156c and 157c contain a concentration of the n-type 
conductivity imparting impurity element from 1 x 10 16 
and 5 x 10 18 atoms/cm 3 . However, the concentration of 
impurity element which imparts p-type conductivity is set 
so as to be equal to or greater than 1 x 1 0 19 atoms/cm 3 
in the impurity regions 1 56b, 1 56c, 1 57b, and 1 57c, and 
in the third impurity regions 1 56a and 1 57a, the concen- 
tration of the p-type conductivity imparting impurity ele- 
ment is made to be from 1 .5 to 3 times as high, and 
therefore no problems will develop when the third impu- 
rity regions function as a source region and a drain re- 
gion of a p-channei TFT. Further, a portion of the fourth 
impurity regions (B) 156c and 157c is formed so as to 
overlap with a portion of the second tapered shape con- 
ductive layer 140 or 142. 

[0136] Next, as shown in Fig. 12A, a first interlayer 
insulating film 158 is formed on the gate electrode and 
the gate insulating film. The first interlayer insulating film 
may be formed by a silicon oxide film, a silicon oxynitride 
film, a silicon nitride film, or a lamination film of a com- 
bination of these films. Whichever is used, the first in- 
terlayer insulating film 158 is formed from an inorganic 
insulating material. The film thickness of the first inter- 
layer insulating film 1 58 is set from 1 00 to 200 nm. When 
using a silicon oxide film here, it can be formed by plas- 
ma CVD with a mixture of TEOS and 0 2> at a reaction 
pressure of 40 Pa, with the substrate temperature set 
from 300 to 400 °C, and by discharging at a high fre- 
quency (13.56 MHz) electric power density of 0.5 to 0.8 
W/cm 2 Further, when using a silicon oxynitride film, the 
silicon oxynitride film may be manufactured by plasma 
CVD from SiH 4 , N 2 0, and NH 3 , and the silicon oxynitride 
film may be manufactured from SiH 4 and N 2 0. The man- 
ufacturing conditions in this case are a reaction pressure 



of 20 to 200 Pa, a substrate temperature set from 300 
to 400°C, and the film can be formed by applying a high 
frequency (60 MHz) electric power density of 0.1 to 1 .0 
W/cm 2 . Further, a hydrogen ated silicon oxynitride film 
manufactured from SiH 4 , N 2 0, and H 2 may also be ap- 
plied. It is also possible to manufacture a silicon nitride 
film from SiH 4 , and NH 3 similarly by plasma CVD. 
[0137] A process of activating the n-type and p-type 
conductivity imparting impurity element added at their 
respective concentrations is then performed. Thermal 
annealing using an annealing furnace is performed for 
this process. In addition, laser annealing and rapid ther- 
mal annealing (RTA) can also be applied. As the laser 
annealing method, the method disclosed on the present 
invention may be used. Thermal annealing is performed 
with an oxygen concentration equal to or less than 1 
ppm, preferably equal to or less than 0.1 ppm, in a ni- 
trogen atmosphere at 400 to 700°C, typically between 
500 and 600°C. Heat treatment is performed for 4 hours 
at 550° C in Embodiment 6. Further, it is preferable to 
apply laser annealing when a plastic substrate having a 
low heat resistance temperature is used as the sub- 
strate 101. 

[0138] After the activation process, the gas atmos- 
phere is changed and heat treatment is performed for 1 
to 1 2 hours at 300 to 450°C in an atmosphere containing 
3 to 100% hydrogen, performing hydrogenation of the 
island-like semiconductor layers. This process is one of 
terminating from 10 16 to 10 18 /cm 3 of dangling bonds in 
the island-like semiconductor layers by hydrogen which 
is thermally excited. Plasma hydrogenation (using hy- 
drogen excited by a plasma) may also be performed as 
another means of hydrogenation. Whichever is used, it 
is preferable to reduce the defect density within the is- 
land-like semiconductor layers 1 04 to 108 to 10 16 /cm 3 
or less, and hydrogen may be imparted on the order of 
0.01 to 0.1 atom%. 

[0139] Thereafter, a second interlayer insulating film 
159 made of an organic resin is formed to a thickness 
of 1 .0 to 1 .5 um The organic resin used may be poly- 
imide, acrylic, polyamide, BCB (benzocyclobutene) or 
the like. In this embodiment, after coating onto the sub- 
strate, a thermal polymerization type polyimide was 
used for formation by firing at 300°C. 
[0140] In this way, the second interlayer insulating film 
is formed of an organic insulator material, thereby the 
surface can be finely flatten. Further, an organic resin 
material generally has a low dielectric constant, there- 
fore the parasitic capacitance can be reduced. However, 
it absorbs moisture and is not suitable as a protecting 
film, so that it is used in combination with the first inter- 
layer insulating film 158 formed by a film such as a sili- 
con oxide film, a silicon oxynitride film, or a silicon nitride 
film. 

[0141] Next, a resist mask is formed with a predeter- 
mined pattern using a fourth photomask PM4, and con- 
tact holes are formed in each of the island-like semicon- 
ductor layers in order to reach the impurity regions 
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formed as source regions or drain regions. The contact 
holes are formed by dry etching. In this case, a second 
interlayer insulating film 1 59 made from an organic resin 
material is etched using a gas mixture of CF 4 , 0 2 , and 
He. Afterward, the first interlayer insulating film 158 is 
etched in succession using an etching gas of CF 4 and 
0 2 . In addition, the contact holes can be formed by etch- 
ing the third shape gate insulating film 109c, where the 
etching gas is switched to CHF 3 in order to increase the 
selectivity with the island-like semiconductor layers. 
[0142] A conductive metallic film is then formed by 
sputtering or vacuum evaporation, and a resist mask 
pattern is formed by a fifth photomask PM5. Source lines 
160 to 164 and drain lines 165 to 168 are formed by 
etching. A pixel electrode 169 is formed with the drain 
lines. A pixel electrode 1 71 denotes a pixel electrode 
belonging to the adjacent pixel. Although not illustrated, 
the wirings in this embodiment are formed as follows. A 
Ti film having a thickness of 50 to 150 nm is formed to 
be in contact with the impurity regions in the island- 
shaped semiconductor layers functioning as the source/ 
drain regions. Aluminum (Al) films with a thickness of 
300 to 400 nm (shown by reference numerals 1 60a to 
1 69a in Fig. 12B), are formed on the Ti film, and further 
transparent conductive films with a thickness of 80 to 
120 nm (shown by reference numerals 160b to 169b in 
Fig. 12B) are overlaid thereon. An indium oxide zinc ox- 
ide alloy (In 2 0 3 -2n0) orzinc oxide (ZnO) is the material 
applied suitably to the transparent conductive film, and 
in addition, a material such as zinc oxide in which gal- 
lium (Ga) has been added (ZnO:Ga) in orderto increase 
the transmittrvity of visible light and to increase the con- 
ductivity can also be used preferably. 
[0143] The substrate, having the driver circuit TFTs 
and the pixel TFTs of the pixel portion on the same sub- 
strate, can thus be completed by using 5 photomasks. 
A first p-channel TFT 200, a first n-channel TFT 201 , a 
second p-channel TFT 202, and a second n-channel 
TFT 203 are formed in the driver circuit, and a pixel TFT 
204 and a storage capacitor 205 are formed in the pixel 
portion. This type of substrate is referred to as an active 
matrix substrate throughout this specification for con- 
venience. 

[0144] In the first p-channel TFT 200 of the driver cir- 
cuit, a conductive layer having the second tapered 
shape functions as a gate electrode 220. The structure 
of the island-like semiconductor layer 104 has a channel 
forming region 206, a third impurity region 207a which 
functions as a source region or a drain region, a fourth 
impurity region (A) 207b which forms an LDD region not 
overlapping the gate electrode 220, and a fourth impu- 
rity region (B) 207c which forms an LDD region overlap- 
ping a portion of the gate electrode 220. 
[0145] In the first n-channel TFT 201, a conductive 
layer having the second tapered shape functions as a 
gate electrode 221 . The structure of the island-like sem- 
iconductor layer 1 05 has a channel forming region 208, 
a first impurity region 209a which functions as a source 



region or a drain region, a second impurity region (A) 
209b which forms an LDD region not overlapping the 
gate electrode 221 , and a second impurity region (B) 
209c which forms an LDD region overlapping a portion 

s of the gate electrode 221 . The length of the portion in 
which the second impurity region (B) 209c overlaps the 
gate electrode 221 is set from 0.1 to 0.3 u,m with respect 
to a channel length of 2 to 7 u.m. This length is controlled 
by the thickness of the gate electrode 221 and by the 

10 angle of the tapered portion. By forming this type of LDD 
region in an n-channel TFT, the high electric field which 
develops near the drain region is relieved, and the de- 
velopment of hot carriers is blocked, then deterioration 
of the TFT can be prevented. 

*5 [0146] In the second p-channel TFT 202 of the driver 
circuit, a conductive layer having the second tapered 
shape similarly functions as a gate electrode 222. The 
structure of the island-like semiconductor layer 1 06 has 
a channel forming region 210, a third impurity region 

20 211a which functions as a source region or a drain re- 
gion, a fourth impurity region (A) 211b which forms an 
LDD region not overlapping the gate electrode 222, and 
a fourth impurity region (B) 211c which forms an LDD 
region overlapping a portion of the gate electrode 222. 

25 [0147] In the second n-channei TFT 203 of the driver 
circuit, a conductive layer having the second tapered 
shape functions as a gate electrode 223. The structure 
of the island-like semiconductor layer 1 07 has a channel 
forming region 212, a first impurity region 213a which 

30 functions as a source region or a drain region, a second 
impurity region (A) 21 3b which forms an LDD region not 
overlapping the gate electrode 223, and a second im- 
purity region (B) 213c which forms an LDD region over- 
lapping a portion of the gate electrode 223. The length 

35 of the portion in which the second impurity region (B) 
213c overlaps the gate electrode 223 is set similar to 
that of the second n-channel TFT 201 , from 0.1 to 0.3 
nm. 

[0148] The driver circuit is formed by logic circuits 

40 such as a shift register circuit and a buffer circuit, and a 
sampling circuit formed by an analog switch. In Fig. 12B, 
TFTs for forming these circuits are shown by a single 
gate structure in which one gate electrode is formed be- 
tween a source and drain pair, but a multi-gate structure 

45 in which a plurality of gate electrodes are formed be- 
tween source and drain pairs may also be used. 
[0149] In the pixel TFT 204, a conductive layer having 
the second tapered shape functions as a gate electrode 
224. The structure of the island-like semiconductor layer 

50 108 has channel forming regions 214a and 214b, first 
impurity region 215a and 21 7 which function as source 
regions or drain regions, a second impurity region (A) 
215b which forms an LDD region not overlapping the 
gate electrode 224, and a second impurity region (B) 

55 215c which forms an LDD region overlapping a portion 
of the gate electrode 224. The length of the portion in 
which the second impurity region (B) 21 5c overlaps the 
gate electrode 224 is set from 0.1 to 0.3 u/n. Further, a 
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storage capacitor is formed from: a semiconductor layer 
which extends from the first impurity region 21 7 and has 
a second impurity region (A) 219a, a second impurity 
region (B) 21 9b, and a region 21 8 to which is not added 
impurity elements determining the conductivity type; an 
insulating layer formed by the same layer as the gate 
insulating film having the third shape; and a capacitor 
wiring 225 formed from the second tapered shape con- 
ductive layer 

[0150] Fig. 18 is a top view showing approximately 
one pixel of the pixel portion. A cross section along the 
line A-A' shown in the figure corresponds to the cross 
sectional diagram of the pixel portion shown in Fig. 1 2B. 
In the pixel TFT 204, a gate electrode 224 intersects, 
though a gate insulating film not shown in the figure, with 
the island-iike semiconductor layer 108 formed below 
and stretches over a plurality of island-like semiconduc- 
tor layers furthermore to serve as the gate wiring. Al- 
though not shown in the figure, a source region, a drain 
region, and an LDD region are formed in the island-iike 
semiconductor layers, as explained by Fig. 12B. Fur- 
ther, reference numeral 230 denotes a contact portion 
of the source wiring 164 and the source region 215a, 
reference numeral 231 denotes a contact portion of the 
pixel electrode 1 69 and a drain region 217. The storage 
capacitor 205 is formed by a region in which the semi- 
conductor layer extending from the drain region 217 of 
the pixel TFT 204 and the capacitor wiring 225 overlap, 
through the gate insulating film. An impurity element for 
controlling valence electrons is not added in the semi- 
conductor layer 21 8 in this structure. 
[0151] A structure such as that above optimizes the 
structure of the pixel TFT and TFTs consisting each cir- 
cuits of the driver circuit in response to the specifications 
required, and it is possible to increase the operating per- 
formance and the reliability of the semiconductor device 
In addition, by forming the gate electrode using a con- 
ductive material having heat resistance, the LDD re- 
gions, and source regions and drain regions are easily 
activated. Moreover, when forming the LDD region over- 
lapping the gate electrode through the gate insulating 
film, in particular it can be expected that the relieving 
effect for the electric field formed in the vicinity of the 
drain region will increase by forming the LDD region to 
possess a concentration gradient of an impurity element 
added with the aim of controlling the conductivity type. 
[0152] For a case of an active matrixtype liquid crystal 
display device, the first p-channel TFT 200 and the first 
n-channel TFT 201 are used to form circuits such as a 
shift register circuit, a buffer circuit, and a level shifter 
circuit which place importance on high speed operation. 
In Fig. 12B, these circuits are denoted as a logic circuit 
portion. The second impurity region (B) 209c of the first 
n-channel TFT 201 becomes a structure which places 
importance on counteracting hot earners. In addition, in 
order to increase withstand voltage and stabilize oper- 
ation, the TFTs of the logic circuit portion may also be 
formed by a first p-channel TFT 280 and a first n-channel 



TFT 281 , as shown by Fig. 1 6A. These TFTs have a dou- 
ble gate structure in which two gate electrodes are 
formed between one source and drain pair, and this type 
of TFT can be similarly manufactured by using the proc- 
5 esses of Embodiment 6. The structure of the first p- 
channei TFT280 has channel forming regions 236a and 
236b, third impurity regions 238a, 239a, and 240a which 
function as source or drain regions, fourth impurity re- 
gions (A) 238b, 239b, and 240b which become LDD re- 
10 gions, and fourth impurity regions (B) 238c, 239c, and 
240c which become LDD regions overlapping a portion 
of a gate electrode 237 in the island-iike semiconductor 
layer. The structure of the first n-channel TFT 281 has 
channel forming regions 241 a and 241 b, first impurity 
*5 regions 243a, 244a, and 245a which function as source 
or drain regions, second impurity regions (A) 243b, 
244b, and 245b which become LDD regions, and sec- 
ond impurity regions (B) 243c, 244c, and 245c which 
become LDD regions overlapping a portion of a gate 
20 electrode 242 in the island-like semiconductor layer. A 
channel length is set on the range from 3 to 7 u.m, and 
an overlapping length in the channel length direction of 
the LDD region overlapping with the gate electrode is 
set in the range from 0.1 to 0.3 urn 
25 [0153] Further, in a sampling circuit structured by an- 
alog switches, similarly structured second p-channel 
TFTs 202 and second n-channel TFTs 203 can be ap- 
plied. The sampling circuit places importance on meas- 
ures against hot carriers and low Off current operation 
30 therefore the TFT of this circuit may be formed by a sec- 
ond p-channel TFT 282 and a second n-channel TFT 
283 as shown by Fig. 16B. The second p-channel TFT 
282 has a triple gate structure in which three gate elec- 
trodes are formed between one source and drain pair, 
35 and this type of TFT can be similarly manufactured by 
using the processes of Embodiment 6. The structure of 
the second p-channel TFT 282 has channel forming re- 
gions 246a, 246b, and 246c, third impurity regions 249a, 
250a, 251 a, and 252a which function as source or drain 
40 regions, fourth impurity regions (A) 249b, 250b, 251b, 
and 252b which become LDD regions, and fourth impu- 
rity regions (B) 249c, 250c, 251c, and 252c which be- 
come LDD regions overlapping a portion of a gate elec- 
trode 247. The structure of the second n-channel TFT 
4* 283 has channel forming regions 253a and 253b, first 
impurity regions 255a, 256a, and 257a which function 
as source or drain regions, second impurity regions (A) 
255b, 256b, and 257b which become LDD regions, and 
second impurity regions (B) 255c, 256c, and 257c which 
50 become LDD regions overlapping a portion of a gate 
electrode 254. A channel length is set on the range from 
3 to 7 nm, and an overlapping length in the channel 
length direction of the LDD region overlapping with the 
gate electrode is set in the range from 0.1 to 0.3 ujtj. 
55 [0154] Thus, whether to use a single gate structure 
for the structure of the TFT gate electrode, or to use a 
multi-gate structure in which a plurality of gate elec- 
trodes are formed between one source and drain pair, 
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may be suitably determined by the operator, in accord- 
ance with the circuit characteristics. A reflecting type liq- 
uid crystal display device can then be manufactured by 
using the active matrix substrate completed in Embod- 
iment 6. 

[Embodiment 7] 

[0155] Examples of using heat-resistant conductive 
materials such as W and Ta as materials for the gate 
electrode were shown in Embodiment 6. The reason for 
using these materials resides in that it is necessary to 
activate the impurity element that was doped into the 
semiconductor layer for the purpose of controlling the 
conductive type after the formation of the gate electrode 
by thermal annealing at between 400° C and 700° C. 
By implementing this step, it is necessary that the gate 
electrode has heat-resistivity. However, this type of 
heat-resistant conductive material has a sheet resistivity 
of about 10 Q, and hence is not always suitable for a 
display device having a screen size of a 4-inch class or 
more. This is because if a gate wiring to be connected 
to the gate electrode is formed of the same material, 
then the length of the lead wiring on the substrate inev- 
itably becomes large. Thus, the problem of a wiring de- 
lay caused by the influence of wiring resistance cannot 
be ignored. 

[0156] For example, 480 gate wirings and 640 source 
wirings are formed when the pixel density is VGA, and 
768 gate wirings and 1 024 source wirings are formed in 
the case of XGA. The screen size of the display region 
becomes 340 mm for a 1 3-inch class in diagonal length, 
and becomes 460 mm for an 1 8-inch class. In this em- 
bodiment, as a means of realizing this kind of liquid crys- 
tal display device, a method of forming the gate wiring 
from low-resistant conductive material such as Al and 
copper (Cu) will be explained using Fig. 13. 
[0157] First, similar to Embodiment 6, the steps 
shown in Figs. 10A to 11C will be performed. Then a 
step of activating the impurity element doped into the 
respective island semiconductor layers for the purpose 
of controlling the conductive type is performed. This step 
is performed by thermal annealing using an annealing 
furnace. In addition, laser annealing or rapid thermal an- 
nealing (RTA) can also be employed. The thermal an- 
nealing process is performed at 400°C to 700°C, typi- 
cally 500°C to 600*C in a nitrogen atmosphere which 
has an oxygen concentration of 1 ppm or less, prefera- 
bly 0.1 ppm or less. In this embodiment, heat treatment 
is performed for 4 hours at 500°C. 
[01 58] Through this heat treatment, conductive layers 
140 to 145 having a second tapered shape, come to 
have conductive layers (C) 1 72a to 1 72f formed to a 
thickness of 5 to 80 nm from the surfaces. For example, 
when the conductive layers having a second tapered 
shape are tungsten (W), tungsten nitride (WN) is 
formed, and tantalum nitride (TaN) is formed when the 
conductive layers are tantalum (Ta). Further, a step of 



38 

hydrogenating the island semiconductor layers is per- 
formed by heat treatment at 300 to 450° C for between 
1 and 12 hours in an atmosphere containing between 3 
and 100% hydrogen. This step is one for terminating 
5 dangling bonds in the semiconductor layers with ther- 
mally excited hydrogen. Plasma hydrogenation (using 
hydrogen excited by a plasma) may be performed as 
another means of hydrogenation. (See Fig. 13A) 
[0159] After the activation and hydrogenation steps 

10 are completed, a gate wiring is formed from a low-re- 
sistant conductive material comprising aluminum (Al) or 
copper (Cu) as a main component. The gate wiring is 
formed from the low-resistant conductive layer compris- 
ing such a material. For example, an aluminum film con- 

is taining between 0.1 and 2% by weight of titanium (Ti) is 
formed as the low-resistant conductive layer on the en- 
tire surface (not shown). The low-resistant conductive 
layer may be formed with a thickness of 200 to 400 nm 
(preferably 250 to 350 nm). Then, a predetermined re- 

20 sist pattern is formed, the conductive layer is etched in 
order to form gate wirings 173 and 174. At this time, a 
capacitor wiring 175 which is connected with a storage 
capacitor provided in a pixel portion, is formed from the 
same material. When the low-resistant conductive layer 

25 comprises aluminum (Al) as a main component, by wet 
etching using a phosphoric acid-based etching solution, 
the gate wiring can be formed while maintaining the se- 
lective workability with the base. A first interiayer insu- 
lating film 1 76 is formed in the same way as that of Em- 

30 bodiment 6. (See Fig. 13B) 

[0160] Thereafter, similar to Embodiment 6, by form- 
ing the second interiayer insulating film 1 59 made of an 
organic insulating material, source wirings 160 to 164, 
and drain wirings 165 to 168, pixel electrodes 169 and 

35 171 , the active matrix substrate can thus be completed. 
Figs. 1 4 A and 1 4B show top views of this state, and the 
cross sections taken along the line B-B* of Fig. 14A and 
the line C-C of Fig. 14B correspond to the B-B' and C- 
C cross sections, respectively, in Fig. 1 3C. Although the 

40 gate insulating film, the first interiayer insulating film, 
and the second interiayer insulating film are omitted 
from the Figs. 14A and 14B, the source and drain re- 
gions of the island semiconductor layers 104, 105, and 
1 08 not shown in the figure are connected to the source 

^5 wirings 160, 161 and 164, and drain wirings 165, 166 
and the pixel electrode 1 69 through contact holes. Fur- 
ther, the cross sections taken along the line D-D* of Fig. 
14A and the line E-E' of Fig. 14B are shown in Figs. 15A 
and 1 5B, respectively. The gate wiring 1 73 is formed 

50 overlapping the gate electrodes 220, and the gate wiring 
1 74 is formed overlapping the gate electrode 225 in the 
outside of the island semiconductor layers 1 04 and 1 08. 
Thus, the gate electrode and the low-resistant conduc- 
tive layer are in close contact to be electrically commu- 

55 nicated without contact holes. By forming the gate wiring 
from a low-resistant conductive material in this way, the 
wiring resistance can be sufficiently reduced. Accord- 
ingly, the present invention can be applied to a display 
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device that has a pixel portion (screen size) of 4-inch 
class or more. 

[Embodiment 8] 

[0161] The active matrix substrate manufactured in 
Embodiment 6 is applicable for a reflection type display 
device as it is. On the other hand, in the case of applying 
it to a transmission type liquid crystal display device, it 
is appropriate to form the pixel electrodes provided in 
each pixel of the pixel portion with transparent elec- 
trodes. A method of manufacturing an active matrix sub- 
strate corresponding to the transmission type liquid 
crystal display device is explained in with references to 
Fig. 17. 

[0162] The active matrix substrate is manufactured in 
the same way as Embodiments. In Fig. 17 A, a conduc- 
tive metallic film is formed by sputtering or vacuum 
evaporation to form a source wiring and a drain wiring. 
This structure will be explained in detail with reference 
to Fig. 17B using the drain wiring 256 as an example. A 
Ti film 256a is formed at a thickness of between 50 and 
150 nm, and then a contact is formed with a semicon- 
ductor film that forms the source or the drain region in 
an island semiconductor layer. Next an aluminum (Al) 
film 256b is formed at a thickness of between 300 and 
400 nm overlapping on the Ti film 256a. Further, a Ti film 
256c or a titanium nitride (TIN) film is formed at a thick- 
ness of between 100 and 200 nm to thereby form a 
three-layer structure. Then a transparent conductive 
film is formed on the entire surface. A pixel electrode 
257 is formed by a patterning process and an etching 
process, using a photomask. The pixel electrode 257 is 
formed on a second interlayer insulating film made of 
an organic resin material and sets aside a portion for 
overlapping with the drain wiring 256 of the pixel TFT 
204 without contact holes in order to form an electrical 
connection. 

[0163] Fig. 1 70 is an example of first forming a trans- 
parent conductive film on the second interiayer insulat- 
ing film, performing a patterning process and an etching 
process to form a pixel electrode 258, and then forming 
a drain wiring 259 by a portion that overlaps with the 
pixel electrode 258 without contact holes. As shown in 
Fig. 1 7D, the drain wiring 259 is provided by forming a 
Ti film 259a at a thickness of between 50 and 150 nm, 
forming a contact hole with a semiconductor film that 
forms the source or the drain region in an island semi- 
conductor layer, and then forming an aluminum film 
259b at a thickness of between 300 and 400 nm over- 
lapping on the Ti film 259a. With this structure, the pixel 
electrode 258 is in contact only with the TI film 259a that 
forms the drain wiring 259. Consequently, the transpar- 
ent conductive film material and Al reacting from direct 
contact can definitely be prevented. 
[0164] Materials such as indium oxide (\n 2 0$ t or an 
indium oxide/tin oxide alloy (ln 2 O r Sn0 2 ; iTO) formed 
by sputtering or vacuum evaporation may be used as 



materials for the transparent conductive film. The etch- 
ing treatment of these materials is performed with hy- 
drochloric acid solutions. However, in particular, the 
etching of ITO readily generates residues. Therefore, an 
s indium oxide /zinc oxide alloy (Jn 2 0 3 -ZnO) may be used 
in order to improve the etching workability. The indium 
oxide/zinc oxide alloy has excellent flat and smooth sur- 
face properties, and also has excellent thermal stability 
with regard to ITO. Accordingly, in the structure of Figs. 
10 24A and 24B, at an edge surface of a drain wiring 256 
where the Al film 256b comes into contact with the pixel 
electrode 257, corrosion reaction with Al can be prevent- 
ed. Similarly, zinc oxide (ZnO) is also a suitable material. 
In order to further improve the transmissivity of visible 
*5 light and conductivity, zinc oxide (ZnO: Ga) doped with 
gallium (Ga) or the like may be used. 
[0165] In Embodiment 6, an active matrix substrate 
that can be used for manufacturing the reflection type 
liquid crystal display device was fabricated by using 5 
20 photomasks. The addition of one more photomask (a 
total of 6 photomasks) can thus complete an active ma- 
trix substrate corresponding to the transmission type liq- 
uid crystal display device. Though the steps of de- 
scribed in this embodiment are similar to those in Em- 
25 bodiment 6, this kind of structure can be applied to the 
active matrix substrate shown in Embodiment 7. 

[Embodiment 9] 

30 [0166] A process of manufacturing an active matrix 
liquid crystal display device from the active matrix sub- 
strate fabricated in Embodiment 6 will be explained here 
in this Embodiment. As shown in Fig. 1 9A, first a spacer 
made from a column-shape spacer is formed on the ac- 
35 tive matrix substrate in the state of Fig. 1 2B. The spacer 
may be provided by a method of spraying several mm 
of grains. A method of forming the spacer by patterning 
after forming a resin film on the entire surface of the sub- 
strate is adopted here in this embodiment. The material 
40 for such kind of spacer is not limited. For example, using 
the JSR product NN700, after application to the sub- 
strate by a spinner, a predetermined pattern is formed 
by exposure and development treatment. Furthermore, 
it is cured by being heated in a clean oven at 150°C to 
^5 200°C. The shape of the spacer formed in this way may 
be made different depending on the conditions of the 
exposure and development treatment. The spacer is 
formed so that its shape becomes a column-shape with 
a flat top, which is a preferred shape because when an 
so opposing substrate is bonded to this substrate, its me- 
chanical strength as a liquid crystal display panel can 
be ensured. The shape of the spacer such as a conical 
shape or a pyramid shape is not specially limited there- 
to. For example, when the spacer is a conical shape, its 
55 specific measurements are as follows: the height is set 
between 1 .2 and 5 ujti, the average radius is set be- 
tween 5 and 7 ujn. and the ratio of the average radius 
and the radius of the bottom portion is set to 1 to 1 .5. 
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The taper angle of the side surface at this point is ± 1 5° 
or less. 

[0167] The arrangement of the spacers may be arbi- 
trarily determined, but preferably it is appropriate to form 
a column-shape spacer 406 overlapping the contact ar- 5 
ea 231 of the pixel electrode 1 69 in the pixel portion so 
as to cover that overlapped portion as shown in Fig. 19A. 
Liquid crystal cannot be smoothly oriented in a portion 
where the levelness of the contact area 231 has been 
ruined. Hence, the column-shape spacer 406 is formed 10 
as in the form of filling the contact area 231 with resin 
used for the spacer, whereby disclination or the like can 
be prevented. In addition, spacers 405a to 405e are 
formed on the TFT of the driver circuit. These spacers 
may be formed extending over the entire surface of the *5 
driver circuit portion, and may also be formed so as to 
cover the source wiring and the drain wiring as shown 
in Fig. 19. 

[0168] Thereafter, an alignment film 407 is formed. A 
polyimide resin is generally used for the alignment film 20 
of a liquid crystal element. After forming the alignment 
films, a rubbing treatment is performed so that the liquid 
crystal molecules are oriented with a certain fixed pre- 
tilt angle. The rubbing treatment is performed so that an 
area of 2 urn or less from the edge portion of the column- 25 
shape spacer 406 provided in the pixel portion to the 
rubbing direction, is not rubbed. Further, since the gen- 
eration of static electricity from the rubbing treatment is 
often a problem, an effect of protecting the TFT from the 
static electricity can be attained by forming the spacers 30 
405a to 405e formed on the TFT of the driver circuit. 
Although not described in the figures, the substrate may 
have a structure in which the alignment film 407 is 
formed before forming the spacers 406 and 405a to 
405e. 35 
[0169] A light shielding film 402, a transparent con- 
ductive film 403, and an alignment film 404 are formed 
on an opposing substrate 401 , which is opposed to the 
active matrix substrate. The light shielding film 402 is 
formed of films such as a Tl film, a Cr film, and an Al film 40 
at a thickness of between 150 and 300 nm. Then, the 
active matrix substrate on which the pixel portion and 
the driver circuit are formed, and the opposing substrate 
are then joined together by a sealant 408. A filler (not 
shown in the figures) is mixed into the sealant 408, and 45 
the two substrates are joined together with a uniform 
spacing by the filler and the spacers 406 and 405a to 
405e. Next, a liquid crystal material 409 is injected be- 
tween both substrates. A known liquid crystal material 
may be used as the liquid crystal material. For example, so 
besides the TN liquid crystal, a thresholdness antiferro- 
electric mixed liquid crystal that indicates electro-optical 
response characteristics of continuously changing 
transmittance with respect to an electric field may also 
be used. Among such thresholdness antiferro electric 55 
mixture liquid crystal, there is a type that indicates a V- 
shaped electro-opticaJ response characteristic. In this 
way, the active matrix type liquid crystal display device 



shown in Fig. 19B is completed. 
[0170] Fig. 20 is a top view showing this type of active 
matrix substrate and the positional relation of the pixel 
portion and the driver circuit portion versus the spacers 
and the sealant. A scanning signal driver circuit 605 and 
an image signal driver circuit 606 as driver circuits are 
provided in the periphery of a pixel portion 604 on the 
glass substrate 101 described in Embodiment 6. In ad- 
dition, a signal processing circuit 607 such as a CPU or 
a memory circuit may also be added. Then these driver 
circuits are connected to an external input/output termi- 
nal 602 by a connecting wiring 603. In the pixel portion 
604, a set of gate wirings 608 extending from the scan- 
ning signal driver circuit 605 and a set of source wirings 
609 extending from the image signal driver circuit 606 
intersect in matrix to form pixels. Each pixel is provided 
with the pixel TFT 204 and the storage capacitor 205. 
[0171] In Fig. 19, the column-shape spacer 406 pro- 
vided in the pixel portion may be provided not only to 
every pixel, but also to every several pixels or several 
tens of the pixels arranged in a matrix manner as shown 
in Fig. 20. In other words, it is possible to set the ratio 
of the total number of pixels composing the pixel portion 
to the number of spacers between 20% and 100%. In 
addition, the spacers 405a to 405e provided in the driver 
circuits portion may be formed so as to cover the entire 
surface of the circuits, or may be provided in accordance 
with the position of the source wiring and the drain wiring 
of each TFT. In Fig. 20, reference numerals 610 to 612 
denote the arrangement of the spacers provided in the 
driver circuit portion. In Fig. 20, the sealant 61 9 is formed 
on the exterior of the pixel portion 604, the scanning sig- 
nal driver circuit 605, the image signal driver circuit 606, 
and the signal processing circuit 607 of the other cir- 
cuits, and on the interior of an external input/output ter- 
minal 602, that are formed over the substrate 101 . 
[0172] Next, the structure of this kind of active matrix 
liquid crystal display device is explained using the per- 
spective view of Fig. 21 . In Fig. 21 , the active matrix sub- 
strate comprises the pixel portion 604, the scanning sig- 
nal driver circuit 605, the image signal driver circuit 606, 
and the signal processing circuit 607 of the other circuits 
formed over the glass substrate 101. The pixel TFT 204 
and the storage capacitor 205 are provided in the pixel 
portion 604, and the driver circuit formed in the periphery 
thereof is structured based on a CMOS circuit. The 
scanning signal driver circuit 605 and the image signal 
driver circuit 606 are connected to the pixel TFT 204 by 
the gate wiring (which is equal to 224 in Fig. 12B when 
the gate wiring is formed subsequent to the gate elec- 
trode) and the source wiring 164, respectively, extend- 
ing to the pixel portion 604. Further, an FPC (flexible 
printed circuit) 613 is connected to the external input ter- 
minal 602 to be utilized for inputting signals such as im- 
age signals. The FPC 613 is firmly adhered in this area 
by a strengthening resin 614. The connecting wiring 603 
is connected to the respective driver circuits. Further, 
though not shown in the figure, a light shielding film and 
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a transparent electrode are provided on the opposing 
substrate 401. 

[0173] A liquid display device with this kind of struc- 
ture can be formed by using the active matrix substrate 
described in Embodiments 6 to 8. The reflection type s 
liquid crystal display device can be attained with em- 
ployment of the active matrix substrate shown in Em- 
bodiment 6 whereas the transmission type liquid crystal 
display device can be attained with employment of the 
active matrix substrate shown in Embodiment 8. *o 

[Embodiment 10] 

[0174] Fig. 22 illustrates an example of the circuit 
structure of the active matrix substrate described in Em- 1 $ 
bodiments 6 to 8, and shows the circuit structure of a 
direct-view type display device. This active matrix sub- 
strate is composed of the image signal driver circuit 606, 
the scanning signal driver circuits (A) and (B) 605, and 
the pixel portion 604. Note that the driver circuit stated 20 
throughout the present specification is a generic term 
including the image signal driver circuit 606 and the 
scanning signal driver circuits 605. 
[0175] The image signal driver circuit 606 comprises 
a shift resister circuit 501 a, a level shifter circuit 502a, 25 
a buffer circuit 503a, and a sampling circuit 504. In ad- 
dition, the scanning signal driver circuits (A) and (B) 605 
comprises a shift resister circuit 501 b, a level shifter cir- 
cuit 502b, and a buffer circuit 503b. 

[01 76] The driving voltages of the shift resister circuits so 
501 a and 501 b are between 5 and 1 6V (typically 1 0V). 
A TFT of a CMOS circuit forforming this circuit is formed 
of the first p-channel TFT 200 and the first n-channel 
TFT 201 of Fig. 12B, or the TFT may be formed of the 
first p-channel TFT 280 and the first n-channel TFT 281 35 
shown in Fig. 16A. In addition, since the driving voltage 
of the level shifter circuits 502a and 502b and the buffer 
circuits 503a and 503b become as high as 14 to 1 6V t it 
is preferable that the TFT structure be formed into a mul- 
ti-gate structure as shown in Fig. 1 6A. Forming the TFT 40 
into a multi-gate structure is effective in raising voltage- 
resistance and improving the reliability of the circuits. 
[0177] The sampling circuit 504 comprises an analog 
switch and its driving voltage is between 14 to 16V. 
Since the polarity alternately reverses to be driven and 45 
there is a necessity to reduce the Off current value, it is 
desired that the sampling circuit 504 be formed of the 
second p-channel TFT 202 and the second n-channel 
TFT 203 as shown in Fig. 12B. Alternatively, the sam- 
pling circuit may be formed of the second p-channel TFT 50 
282 and the second n-channel TFT 283 of Fig. 16B in 
order to effectively reduce the Off current value. 
[0178] Further, the driving voltage of the pixel portion 
is between 14 and 16V. From a viewpoint of reducing 
power consumption, there is a demand to further reduce 55 
the Off current value than that of the sampling circuit. 
Accordingly, as a basic structure, the pixel portion is 
formed into a multi-gate structure as the pixel TFT 204 



shown in Fig. 12B. 

[0179] Note that the structure of this Embodiment can 
be readily realized by manufacturing the TFT in accord- 
ance with the steps shown in Embodiments 6 through 
8. The structures of the pixel portion and the driver cir- 
cuits only are shown in this embodiment. Other circuits 
such as a signal divider circuit, a frequency dividing cir- 
cuit, a D/A converter, a y-correction circuit, an op-amp 
circuit, and further signal processing circuits such as a 
memory circuit and a processing circuit, and still further 
a logic circuit, may all be formed on the same substrate 
in accordance with the processes of Embodiments 6 
through 8. In this way, the present invention can realize 
a semiconductor device comprising a pixel portion and 
a driver circuit thereof on the same substrate, for exam- 
ple, a liquid crystal display device equipped with a signal 
controlling circuit and a pixel portion. 

[Embodiment 11] 

[0180] In this embodiment, an example will be de- 
scribed where a display panel made from an EL (Electro 
Luminescence) material in a self-emitting type (herein- 
after described as EL display device) is formed using an 
active matrix substrate whose forming method was 
shown above mentioned embodiment. The EL display 
device is also called a light emitting device or a light 
emitting diode. Further, the EL devices referred to in this 
specification include triplet-based light emission devic- 
es and/or singlet-based light emission devices, for ex- 
ample. Fig. 23A is a top view of an EL display panel us- 
ing the present invention. In Fig.23A, reference numeral 
10 denotes a substrate, 11 denotes a pixel portion, 12 
denotes a source-side driver circuit, and 13 denotes a 
gate-side driver circuit. Each driver circuit is connected 
to an FPC 1 7 through wirings 14 to 1 6 so as to be con- 
nected to external equipment. 

[01 81 ] The Fig. 23B shows a sectional structure of A- 
A' of Fig. 23 A. The counter substrate 80 is provided so 
as to cover at least surface of the pixel portion, prefer- 
ably the driver circuits and the surface of the pixel por- 
tion. The counter substrate 80 is attached to the active 
matrix substrate, on which TFTs and EL layer are formed 
with a sealant 1 9. The sealant 1 9 is mixed with a filler 
(not shown in the figure), two substrate are attached to- 
gether with the filler at equal spaces. Further, the outside 
of the sealant 19 and the top surface and the periphery 
portion of FPC 17 has a structure of being filled up by 
the sealant 81 . As materials of the sealant 81 , silicone 
resin, epoxy resin, phenol resin and butyl rubber are 
used. 

[01 82] As it is, the active matrix substrate 1 0 and the 
counter substrate 80 are attached together with a seal- 
ant 19, space is generated therebetween. A filler 83 is 
filled with the space. The filler 83 has an effect of attach- 
ment of the counter substrate 80. The PVC (polyvinyl 
chloride), epoxy resin, silicone resin, PVB (polyvinyl bu- 
tyral), and EVA (ethylene vinyl acetate) can be used as 
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the filler 83. An EL layer is weak to moisture such as 
water and is likely to be degraded, so that it is preferable 
to mix a drying agent such as barium oxide in the filler 
83 so as to keep an effect of moisture absorption. Fur- 
ther, a passivation film 82 is formed on the EL layer by 
the silicon nitride film and silicon oxynitride film to pro- 
tect from corrosion by alkali element which contains in 
the filler 83. 

[0183] A glass plate, an aluminum plate, a stainless 
steel plate, an FRP (fiberglass-reinforced plastics) 
plate, a PVF (polyvinyl fluoride) film, a Mylar film (a prod- 
uct of DU PONT Corp.), a polyester film, and an acrylic 
film or acrylic plate can be used as the counter substrate 
80. A sheet having a structure in which several ten urn 
thick aluminum foil is interposed between a PVF film and 
a Mylar film, is used to enhance resistance to moisture. 
In this manner, the EL element is completely sealed and 
is not exposed to the outside of air. 
[0184] In Fig. 23B, the TFT 22 for a driving circuit 
(CMOS circuit which is composed of n-channel type TFT 
and p-channel type TFT is shown here), and the TFT 23 
for a pixel portion (only TFT controlling current to an EL 
element is shown here) are formed on a substrate 10 
and a base film 21 . Among these TFTs, in particular, n- 
channel TFT is provided with an LDD region having the 
structure shown in the present embodiment so as to pre- 
vent the decrease of the n current value due to hot car- 
rier, or the deterioration of the properties caused by Vth 
shift and bias stress. 

[01 85] For example, as the TFT 22 for a driver circuit, 
the p-channel TFT 200, 202 or the n-channel TFT 201 , 
203 shown in Fig. 12b may be used. Furthermore, as 
the TFT 23 for a pixel portion, a pixel TFT 204 shown in 
Fig. 12B or a p-channel TFT having a similar structure 
can be used. 

[0186] To manufacture the EL display device from an 
active matrix substrate in a state of Fig. 1 2B or Fig. 1 3B, 
an interlayer insulating film (a flatten film) 26 made of 
resin material, is formed on the source line and the drain 
line, and a pixel electrode 27 made of a transparent con- 
ductive film, which is connected electrically to drain of 
the TFT 23 for a pixel portion, is formed thereon. As a 
transparent conductive film, a compound of indium ox- 
ide and tin oxide (which is called as ITO), and a com- 
pound of indium oxide and zinc oxide can be used. Then 
after forming the pixel electrode 27, an insulating film 28 
is formed, and an opening portion is formed on the pixel 
electrode 27. 

[0187] Next, an EL layer 29 is formed. The EL layer 
29 can have a lamination structure including an appro- 
priate combination of layers made of known EL materi- 
als (hole injection layer, hole transporting layer, light- 
emitting layer, electron transportation layer, or electron 
injection layer) or a single structure. Such a structure 
can be obtained by a known technique. Furthermore, 
examples of the EL material include a low molecular- 
weight material and polymer material. In the case of us- 
ing a low molecular-weight material, vapor deposition is 



used. In the case of using a polymer material, a simple 
method such as spin coating, printing, and an ink jet 
method can be used. 

[0188] In this embodiment, the EL layer is formed by 
s vapor deposition, ink jet method or dispenser method 
using a shadow mask. By forming light-emitting layers 
(red light-emitting layer, green-light emitting layer, and 
blue light-emitting layer) capable of emitting light with 
different wavelengths on respective pixels, a color dis- 

io play can be performed. In addition, a combination of a 
color conversion layer (CCM) and a color filter, or a com- 
bination of a white light- emitting layer and a color filter 
may be used. Needless to say, an EL display device 
emitting single color light can also be used. 

15 [01 89] When the EL layer 29 is formed, a cathode 30 
is formed thereon. It is desirable to remove moisture and 
oxygen present at an interface between the cathode 30 
and the EL layer 29 as much as possible. Thus, it is re- 
quired to continuously form the EL layer 29 and the cath- 

20 ode 30 in a vacuum, or to form the EL layer 29 in an 
inactive atmosphere, and form the cathode 30 in a vac- 
uum without exposing the EL layer 29 to the outside air. 
In this embodiment, a film formation device of a multi- 
chamber system (cluster tool system) is used to make 

25 the above mentioned film formation possible. 

[0190] In this embodiment, as the cathode 30, a lam- 
ination structure of a Li F (lithium fluoride) film and an Al 
(aluminum) film is used. More specifically, the LiF film is 
formed to a thickness of 1 nm on the EL layer 29 by 

30 vapor deposition, and an Al film is formed to a thickness 
of 300 nm thereon. It is appreciated that a MgAg elec- 
trode that is a known negative electrode material may 
be used. The cathode 30 is connected to the wiring 1 6 
in a region denoted by reference numeral 31 . The wiring 

35 16 is a power supply line for supplying a predetermined 
voltage to the cathode 30, and is connected to the FPC 
1 7 via anisotropic conductive paste material 32. A resin 
layer 80 is further formed on the FPC 1 7 so as to en- 
hance adhesiveness in this portion. 

40 [0191] In order to electrically connect the cathode 30 
to the wiring 16 in the region 31, it is required to form 
contact holes in the interlayer insulating film 26 and the 
insulating film 28. The contact holes may be formed dur- 
ing etching of the interlayer insulating film 26 (during for- 

^5 mation of a contact hole for a pixel electrode) or during 
etching of the insulating film 28 (during formation of an 
opening portion before forming the EL layer). Further- 
more, when the insulating film 28 is etched, the interlay- 
er insulating film 26 may also be etched together. In this 

50 case, if the interlayer insulating film 26 and the insulating 
film 28 are made of the same resin material, the shape 
of the contact holes can be made fine. 
[0192] Furthermore, the wiring 1 6 is electrically con- 
nected to the FPC 1 7 through a gap between the sealant 

55 1 9 and the substrate 1 0 (the gap is filled with a sealant 
81). Herein, although description is made with respect 
to the wiring 16, the other wirings 14 and 15 are also 
electrically connected to the FPC 17 through under a 
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sealant 1 9. 

[01 93] Fig. 24 shows a more detailed cross-sectional 
structure of the pixel portion. Fig. 25A shows a top view 
thereof, and Fig. 25B shows a circuit diagram thereof. 
In Fig. 24A, a switching TFT 2402 provided on a sub- 
strate 2401 is formed according to the same structure 
of the pixel TFT 204 shown in Fig. 12B of Embodiment 
6. Due to the double-gate structure, there is an advan- 
tage in that substantially two TFTs are connected in se- 
ries to reduce an OFF current value. In this embodiment, 
the TFT 2402 has a double-gate structure; however, it 
may have a triple gate structure, or a multi-gate structure 
having more gates. 

[0194] A current controlling TFT 2403 is formed by us- 
ing the n-channel TFT 201 shown in Fig. 12B. At this 
time, a drain wiring 35 of the switching TFT 2402 is elec- 
trically connected to a gate electrode 37 of the current 
controlling TFT by a wiring 36. Furthermore, a wiring 38 
is a gate wiring electrically connected to gate electrodes 
39a and 39b of the switching TFT 2402. 
[0195] At this time, it is very important that the current 
controlling TFT 2403 has a structure of the present in- 
vention. The current controlling TFT functions as an el- 
ement for controlling the amount of a current flowing 
through an EL element, so that the current controlling 
TFT 2403 is likely to be degraded by heat and hot car- 
riers due to a large amount of current flown there- 
through. Therefore, an LDD region overlapping with a 
gate electrode, is provided on the current controlling 
TFT, thereby preventing the deterioration of TFT and en- 
hancing the stability of the operation. 
[0196] Furthermore, in this embodiment, the current 
controlling TFT 2403 has a single gate structure. How- 
ever, it may have a multi-gate structure in which a plu- 
rality of TFTs are connected in series. Furthermore, it 
may also be possible that a plurality of TFTs are con- 
nected in parallel to substantially divide a channel for- 
mation region into a plurality of parts, so as to conduct 
highly efficient heat release. Such a structure is effective 
for preventing degradation due to heat. 
[0197] As shown in Fig. 25A, a wiring to be the gate 
electrode 37 of the current controlling TFT 2403 over- 
laps a drain wiring 40 of the current controlling TFT 2403 
via an insulating film in a region 2404. In the region 2404, 
a capacitor is formed. The capacitor 2404 functions for 
holding a voltage applied to a gate of the current con- 
trolling TFT 2403. The drain wiring 40 is connected to a 
current supply line (power source line) 2501 so as to be 
always supplied with a constant voltage. 
[0198] A first passivation film 41 is provided on the 
switching TFT 2402 and the current controlling TFT 
2403, and a flattening film 42 that is made of a resin 
insulating film is formed thereon. It is very important to 
flatten the step difference due to TFTs by using the flat- 
tening film 42. The step difference may cause a light- 
emitting defect because the EL layer to be formed later 
is very thin. Thus, it is desirable to flatten the step dif- 
ference so that the EL layer is formed on a flat surface 



before forming a pixel electrode. 
[0199] Reference numeral 43 denotes a pixel elec- 
trode (cathode of an EL element) that is made of a con- 
ductive film with high reflectivity and is electrically con- 
5 nected to the drain of the current controlling TFT 2403. 
As the pixel electrode 43, a low resistant conductive film 
such as an aluminum alloy film, a copper alloy film, and 
a silver alloy film, or a lamination film thereof can be pref- 
erably used. Needless to say, a lamination structure with 

10 otherconductive films may also be used. A light-emitting 
layer 45 is formed in a groove (corresponding to a pixel) 
formed by banks 44a and 44b made of an insulating film 
(preferably resin). Herein, only one pixel is shown, how- 
ever, light-emitting layers corresponding to each color 

15 R (red), G (green), and B (blue) may be formed. As an 
organic EL material for the light-emitting layer, a 5-con- 
jugate polymer material is used. Examples of the typical 
polymer material include polyparaphenylene vinylene 
(PPV), polyvinyl carbazole (PVK), and polyfluorene. 

20 There are various types of PPV organic EL materials. 
For example, materials as described in "H. Shenk, H. 
Becker, O. Gelsen, E. Kluge, W. Kreuderand H. Spre- 
itzer, "Polymers for Light Emitting Diodes", Euro Display, 
Proceedings, 1999, pp. 33-37" and Japanese Laid- 

25 Open Publication No. 10-92576 can be used. 

[0200] More specifically, as a light-emitting layer emit- 
ting red light, cyanopolyphenylene vinylene may be 
used. As a light-emitting layer emitting green light, 
poryphenylene vinylene may be used. As a light-emitting 

30 layer emitting blue light, polyphenylene vinylene or poly- 
alkyl phenylene may be used. The film thickness may 
be prescribed to be 30 to 1 50 nm (preferably 40 to 1 00 
nm). The above-mentioned organic EL materials are 
merely examples for use as a light-emitting layer, so that 

35 the present invention is not limited thereto. A light-emit- 
ting layer, an electric charge transporting layer, or an 
electric charge injection layer may be appropriately 
combined to form an EL layer (for light emitting and mov- 
ing carriers therefore). For example, in this embodiment, 

40 the case where a polymer material is used for the light- 
emitting layer has been described. However, a low mo- 
lecular-weight organic EL material may be used. Fur- 
thermore, an inorganic material such as silicon carbide 
can also be used for an electric charge transporting lay- 

45 er and an electric charge injection layer. As these organ- 
ic EL materials and inorganic materials, known materi- 
als can be used. 

[0201] In this embodiment, an EL layer with a lamina- 
tion structure is used, in which a hole injection layer 46 

so made of PEDOT (polythiophene) or PAni (polyaniline) 
is provided on the light-emitting layer 45. An anode 47 
made of a transparent conductive film is provided on the 
hole injection layer 46. In this embodiment, light gener- 
ated by the light-emitting layer 45 is irradiated to the up- 

55 per surface (toward the upper of TFTs), so that the an- 
ode must be transparent to light As a transparent con- 
ductive film, a compound of indium oxide and tin oxide, 
and a compound of indium oxide and zinc oxide can be 
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used. The conductive film is formed after forming the 
light-emitting layer and the hole injection layer with low 
heat resistance, so that the conductive film that can be 
formed at a possibly low temperature is preferably used. 
[0202] When the anode 47 is formed, the EL element 
2405 is completed. The EL element 2405 refers to a ca- 
pacitor composed of the pixel electrode (cathode) 43, 
the light-emitting layer 45, the hole injection layer 46, 
and the anode 47. As show in Fig. 26A, the pixel elec- 
trode 43 substantially corresponds to the entire area of 
a pixel. Therefore, the entire pixel functions as an EL 
element. Thus, a light image display with very high light 
use efficiency can be performed. 
[0203] In this embodiment, a second passivation film 
48 is further formed on the anode 47. As the second 
passivation film 48, a silicon nitride film or a silicon ni- 
tride oxide film is preferably used. The purpose of the 
passivation film 48 is to prevent the EL element from 
being exposed to the outside. That is, the passivation 
film 48 protects an organic EL material from degradation 
due to oxidation, and suppresses the release of gas 
from the organic EL material. Because of this, the relia- 
bility of the EL display device is enhanced. 
[0204] As described above, the EL display panel of 
the present invention has a pixel portion made of a pixel 
with a structure as shown in Fig. 25, and includes a 
switching TFT having a sufficiently low OFF current val- 
ue and a current controlling TFT that is strong to the 
injection of hot carriers. Thus, an EL display panel hav- 
ing high reliability and is capable of displaying a satis- 
factory image, is obtained. 

[0205] In this embodiment, referring to Fig. 24B, the 
case will be described where the structure of the EL lay- 
er is reversed. The current control TFT 2601 is formed 
using a p-channel type TFT 200 of Fig. 12B. The man- 
ufacturing process is referred to Embodiment 6. In this 
embodiment, a transparent conductive film is used as a 
pixel electrode (anode) 50. Specifically, a conductive 
film comprising a compound of indium oxide and zinc 
oxide. Needless to say, a conductive film made of a com- 
pound of indium oxide and tin oxide may be used. 
[0206] After banks 51a and 51 b made of an insulating 
film are formed, a light-emitting layer 52 made of poly- 
vinyl carbazole is formed by coating of a solution. On 
the light-emitting layer 52, an electron injection layer 53 
made of potassium acetyl acetonate (acacK), and a 
cathode 54 made of an aluminum alloy are formed. In 
this case, the cathode 54 functions as a passivation film. 
Thus, an EL element 2602 is formed. In this embodi- 
ment, light generated by the light-emitting layer 53 is ir- 
radiated toward the substrate on which a TFT is formed 
as represented by an arrow. In the case of the structure 
of this embodiment, it is preferable that the current con- 
trolling TFT 2601 is formed of a p-channel TFT. 
[0207] This embodiment can be realized by being ap- 
propriately combined with the structures of TFT in Em- 
bodiments 6 and 7. Furthermore, it is effective to use 
the EL 5 display panel of this embodiment as a display 



portion of electronic equipment of Embodiment 13. 
[Embodiment 12] 

5 [0208] In this embodiment, referring to Fig. 26, the 
case will be described where a pixel having a structure 
different from that of the circuit diagram shown in Fig. 
25B is used. Reference numeral 2701 denotes a source 
wiring of a switching TFT 2702, 2703 denotes a gate 

10 wiring of the switching TFT 2702, 2704 denotes a cur- 
rent controlling TFT, 2705 denotes a capacitor, 2706 and 
2708 denote current supply lines, and 2707 denotes an 
EL element. 

[0209] 5 Fig. 26A shows the case where two pixels 

15 share the current supply line 2706. More specifically, 
two pixels are formed so as to be axisymmetric with re- 
spect to the current supply line 2706. In this case, the 
number of power supply lines can be reduced, so that 
the pixel portion is allowed to have a higher definition. 

20 [0210] Furthermore, Fig. 26B shows the case where 
the current supply line 2708 and the gate wiring 2703 
are provided in parallel. In Fig. 26B, although the current 
supply line 2708 does not overlap the gate wiring 2703, 
if both lines are formed on different layers, they can be 

25 provided so as to overlap each other via an insulating 
film. In this case, the current supply line 2708 and the 
gate wiring 2703 can share an occupied area, so that a 
pixel portion is allowed to have higher definition. 
[021 1 ] 5 Furthermore, Fig. 26C shows the case where 

30 the current supply line 2708 and gate wiring 2703a, and 
2703b are provided in parallel in the same way as in Fig. 
26B, and two pixels are formed so as to be axisymmetric 
with respect to the current supply line 2708. It is also 
effective to provide the current supply line 2708 so as 

35 to overlap one of the gate wirings 2703. In this case, the 
number of the power supply lines can be reduced, so 
that a pixel portion is allowed to have higher definition. 
In Figs. 26 A and 26B, the capacitor 2705 is provided so 
as to hold a voltage applied to a gate of the current con- 

40 trolling TFT 2704. However, the capacitor 2705 can be 
omitted. 

[0212] Since the n-channel TFT according to the 
present invention as shown in Fig. 24A is used as the 
current controlling TFT 2403 , th e current contro lling TFT 

45 2403 has an LDD region provided so as to overlap a 
gate electrode via a gate insulating film. In this overlap- 
ping region, a parasitic capacitor called as a gate ca- 
pacitor is generally formed. This embodiment is charac- 
terized in that the parasitic capacitor is actively used in 

50 place of the capacitor 2705. The capacitance of the par- 
asitic capacitor is varied depending upon the area in 
which the above-mentioned gate electrode overlaps the 
LDD region. Therefore, the capacitance is determined 
by the length of the LDD region included in the region. 

55 Similarly, in the structure shown in Figs. 26 A, 26B, and 
26C, the capacitor 2705 can also be omitted. 
[0213] This embodiment can be realized by being ap- 
propriately combined with the structures of TFT in Em- 
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bodiments 6 and 7. Furthermore, it is effective to use an 
EL display panel of this embodiment as a display portion 
of electronic equipment of Embodiment 13. 

[Embodiment 13] 

[021 4] The CMOS circuit and the pixel portion formed 
by implementing the present invention can be used in 
various electro- optical devices (active matrix type liquid 
crystal display device, active matrix type EL display de- 
vice, and active matrix EC display). That is, the present 
invention can be implemented in all electronic equip- 
ment that incorporate these electro-optical devices as a 
display portion. 

[0215] The following can be given as such electronic 
equipment: a video camera, a digital camera, a projector 
(a rear type or a front type), a head mount display (gog- 
gle type display), a car navigation system, a car stereo, 
a personal computer, a portable information terminal 
(such as a mobile computer, a cellular phone, and an 
electronic book) etc. Some examples of these are 
shown in Fig. 27, Fig. 28 and Fig. 29. 
[0216] Fig. 27A shows a personal computer that is 
comprised of a main body 3001 , an image input portion 
3002, a display portion 3003, and a keyboard 3004. The 
present invention can be applied to the image input por- 
tion 3002, the display portion 3003 and the other signal 
control circuit. 

[0217] Fig. 27B shows a video camera that is com- 
prised of a main body 3101, a display portion 3102, an 
audio input portion 3103, operation switches 3104, a 
battery 31 05, and an image receiving portion 31 06. The 
present invention can be applied to the display portion 
3102, and other signal control circuit. 
[021 8] Fig. 27C shows a mobile computer that is com- 
posed of a main body 3201 , a camera portion 3202, an 
image receiving portion 3203, operation switches 3204, 
and a display portion 3205. The present invention can 
be applied to the display portion 3205 and other signal 
control circuit. 

[0219] Fig. 27D shows a goggle type display that is 
comprised of a main body 3301 , display portions 3302, 
and arm portions 3303. The present invention can be 
applied to the display portion 3302 and other signal con- 
trol circuit. 

[0220] Fig. 27 E shows a player which uses a record- 
ing medium in which a program is stored (hereinafter 
referred to as a recording medium) and which is com- 
prised of a main body 3401, a display portion 3402, 
speaker portions 3403, a recording medium 3404, and 
operation switches 3405. A DVD (Digital Versatile Disc), 
a CD or the like is used as the recording medium to en- 
able the player to appreciate music and the movies, and 
play a game or the Internet. The present invention can 
be applied to the display portion 3402 and other signal 
control circuit 

[0221] Fig. 27F shows a digital camera that is com- 
prised of a main body 3501 , a display portion 3502, an 



eye-piece portion 3503, operation switches 3504, and 
an image receiving portion (not shown in the figure). The 
present invention can be applied to the display portion 
3502 and other signal control circuit. 
5 [0222] Fig. 28 A shows a front type projector that is 
comprised of a projection unit 3601 , a screen 3602, and 
the like. The present invention can be applied to a liquid 
crystal display device 3808 which is a part structuring 
the projection unit 3601 and other signal control circuit. 
io [0223] Fig. 28B shows a rear type projector that is 
comprised of a main body 3701 , a projection unit 3702, 
a mirror 3703, a screen 3704, and the like. The present 
invention can be applied to the liquid crystal display de- 
vice 3808 which is a part structuring the projection unit 
is 3702 and other signal control circuit. 

[0224] Illustrated in Fig. 28C is an example of the 
structure of the projection units 3601 and 2702 that are 
shown in Figs. 28A and 28B, respectively. Each of the 
projection units 3601 and 2702 is comprised of a light 
source optical system 3801, mirrors 3802 and 3804 to 
3806, dichroic mirrors 3803, a prism 3807, liquid crystal 
display devices 3808, phase difference plates 3809, and 
a projection optical system 3810. The projection optical 
system 3810 is constructed of an optical system includ- 
ing projection lenses. An example of a three plate sys- 
tem is shown in the present embodiment, but there are 
no special limitations. For instance, an optical system of 
single plate system is acceptable. Further, the operator 
may suitably set optical systems such as optical lenses, 
polarizing film, film to regulate the phase difference, IR 
film, within the optical path shown by the arrows in Fig. 
28C. 

[0225] In addition, Fig. 28D shows an example of the 
structure of the light source optical system 3801 of Fig. 
28C. In the present embodiment, the light source optical 
system 3801 is composed of a reflector 3811, a light 
source 3812, a lens array 3813 and 3814, a polarizing 
conversion element 3815, and a condenser lens 3816. 
Note that the light source optical system shown in Fig. 
28D is an example, and it is not limited to the illustrated 
structure. For example, the operator may suitably set 
optical systems such as optical lenses, polarizing film, 
film to regulate the phase difference, and IR film. 
[0226] The projector illustrated in Fig. 28, show the 
electro-optical device of transparent type but the exam- 
ple of the electro-optical device of reflection type and 
the EL display device. 

[0227] Fig. 29A shows a cellular phone that is com- 
prised of a main body 3901 , an audio output portion 
3902, an audio input portion 3903, a display portion 
3904, an operation switches 3905 and an antenna 3906 
etc. The present invention can be applied to the audio 
output portion 3902, the audio input portion 3903, the 
display portion 3904 and other signal control circuit. 
[0228] Fig. 29 B shows a mobile book (electronic 
book) that is comprised of a main body 4001 , a display 
portion 4002, 4003, a recording medium 4004, an oper- 
ation switches 4005 and a antenna 4006 etc. The 
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present invention can be applied to the display portion 
4002, 4003 and other signal control circuit. 
[0229] Fig. 29C shows a display that is comprised of 
a main body 4101, a support stand 4102 and display 
portion 41 03 etc. The present invention can be applied 
to the display portion 41 03. They are especially advan- 
tageous for cases in which the screen is made large, 
and is favorable for displays having a diagonal greater 
than or equal to 1 0 inches (especially one which is great- 
er than or equal to 30 inches). 

[0230] Thus, the application range for the present in- 
vention is extremely wide, and it may be applied to elec- 
tronic equipment in all fields. Further, the electronic 
equipment of this Embodiment can be realized with a 
composition that uses any combination of Embodiments 
4 to 12. 

[0231] With an optical system for a rectilinear laser 
beam according to the present invention, the positional 
adjustments of the optical system become very easy. 
Besides, since the optical system is entirely constructed 
of reflectors, the rectilinear laser beam can be easily 
elongated. The elongation brings forth the effect that a 
large-area substrate can be irradiated with the laser 
beam at a high throughput. When the techniques of the 
present invention are applied to, for example, a mass- 
production line for low-temperature poly-silicon TFTs, 
the TFTs of favorable operating characteristics can be 
efficiently fabricated. 



Claims 

1 . A beam homogenizer for forming a rectilinear laser 
beam on an irradiated surface, comprising: 

two reflectors for splitting said laser beam. 

2. A beam homogenizer of claim 1 , wherein said rec- 
tilinear laser beam has a length of 600 mm or more 
on said irradiated surface. 

3. A beam homogenizer for forming a rectilinear laser 
beam on an irradiated surface, comprising: 

two reflectors for beam splitting, each of said 
reflectors including a plurality of reflective sur- 
faces, 

wherein any of said plurality of reflective sur- 
faces is in agreement with a locus which is de- 
picted by a part of a parabola when the part of 
the parabola is translated in a direction perpen- 
dicular to a plane containing said parabola. 

4. A beam homogenizer of claim 3, wherein said rec- 
tilinear laser beam has a length of 600 mm or more 
on said irradiated surface. 

5. A beam homogenizer for forming a rectilinear laser 
beam on an irradiated surface, comprising: 



10 



15 



20 



25 



30 



35 



two reflectors for beam splitting; 
one of said reflectors including a plurality of re- 
flective surfaces, any of said plurality of reflec- 
tive surfaces being in agreement with a locus 
which is depicted by a part of a parabola when 
the part of the parabola is translated in a direc- 
tion perpendicular to a plane containing said 
parabola; 

the other of said reflectors including a plurality 
of plane mirrors. 

A beam homogenizer of claim 5, wherein said rec- 
tilinear laser beam has a length of 600 mm or more 
on said irradiated surface. 

A laser irradiation apparatus for forming a rectilinear 
laser beam on an irradiated surface, comprising: 

a laser oscillator; and 

two reflectors for splitting said laser beam, each 
including a plurality of reflective surfaces, 
wherein any of said plurality of reflective sur- 
faces is in agreement with a locus which is de- 
picted by a part of a parabola when the part of 
the parabola is translated in a direction perpen- 
dicular to a plane containing said parabola. 

A laser irradiation apparatus of claim 7, wherein 
said rectilinear laser beam has a length of 600 mm 
or more on said irradiated surface. 

A laser irradiation apparatus of claim 7, wherein 
said laser oscillator is a member selected from the 
group consisting of an excimer laser, a YAG laser 
and a glass laser. . 



10. A laser irradiation apparatus of claim 7, wherein 
said laser oscillator is a member selected from the 
group consisting of a YV0 4 laser, a YLF laser and 

40 an Ar laser. 

1 1 . A laser irradiation apparatus for forming a rectilinear 
laser beam on an irradiated surface, comprising: 



a laser oscillator; 

a first reflector for splitting said laser beam, said 
first reflector including a plurality of reflective 
surfaces; and 

a second reflector for splitting said laser beam, 
said second reflector including a plurality of 
plane mirrors, 

wherein any of said plurality of reflective sur- 
faces is in agreement with a locus which is de- 
picted by a part of a parabola when the part of 
the parabola is translated in a direction perpen- 
dicular to a plane containing said parabola. 
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12. A laser irradiation apparatus of claim 11, wherein 
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said rectilinear laser beam has a length of 600 mm 
or more on said irradiated surface. 

13. A laser irradiation apparatus of claim 11, wherein 
said laser oscillator is a member selected from the 
group consisting of an excimer laser, a YAG laser 
and a glass laser. 

14. A laser irradiation apparatus of claim 11, wherein 
said laser oscillator is a member selected from the 
group consisting of a YV0 4 laser, a YLF laser and 
an Ar laser. 

15. A semiconductor device comprising: 

a semiconductor film on an insulating surface; 
and 

a gate electrode over said semiconductor film 
with a gate insulating film interposed therebe- 
tween, 

wherein said semiconductor film has been irra- 
diated with a rectilinear laser beam formed by 
abeam homogenizer comprising two reflectors 
for splitting said laser beam. 

16. A semiconductor device of claim 15, wherein said 
semiconductor device is an active matrix type EL 
display device. 

17. A semiconductor device of claim 15, wherein said 
semiconductor device is one selected from the 
group consisting of a video camera, a digital cam- 
era, a projector, a goggie-type display, a personal 
computer, and a mobile telephone. 

18. A method of fabricating a semiconductor device 
comprising thin film transistors, said method com- 
prising the steps of : 

forming a non-single crystalline semiconductor 
film over a substrate; 
emitting a laser beam; 

expanding said laser beam by either of two cy- 
lindrical parabolic mirrors and two parabolic 
mirrors; 

altering a traveling direction of said expanded 
laser beam by a plurality of plane mirrors; 
splitting said laser beam of the altered traveling 
direction by two beam-splitting reflectors each 
including a plurality of cylindrical parabolic mir- 
rors; 

combining said split laser beams into one rec- 
tilinear laser beam on an irradiated surface so 
as to homogenize an energy distribution of the 
rectilinear laser beam on said irradiated sur- 
face; 

setting said substrate on a stage; 

bringing a surface of said non-single crystalline 



semiconductor film into agreement with said ir- 
radiated surface; and 

moving said stage relatively to said rectilinear 
laser beam so as to scan said non-single crys- 
s talline semiconductor film under irradiation with 

said rectilinear laser beam. 

19. A method of fabricating a semiconductor device of 
claim 1 8, wherein an oscillator for emitting said la- 

io ser beam is one selected from the group consisting 
of an excimer laser, a YAG laser, a glass laser, 
YV0 4 laser, a YLF laser and an Ar laser. 

20. A method of fabricating a semiconductor device of 
is claim 1 8, wherein said semiconductor device is an 

active matrix type EL display device. 

21 . A method of fabricating a semiconductor device of 
claim 18, wherein said semiconductor device is one 

20 selected from the group consisting of a video cam- 
era, a digital camera, a projector, a goggle-type dis- 
play, a personal computer, and a mobile telephone. 

22. A method of fabricating a semiconductor device 
25 comprising thin film transistors, said method com- 
prising the steps of: 

forming a non-single crystalline semiconductor 
film over a substrate; 
30 emitting a laser beam; 

expanding said laser beam by either of two cy- 
lindrical parabolic mirrors and two parabolic 
mirrors; 

splitting said expanded laser beam by two 
35 beam-splitting reflectors each including a plu- 

rality of cylindrical parabolic mirrors; 
combining said spirt laser beams into one rec- 
tilinear laser beam on an irradiated surface so 
as to homogenize an energy distribution of the 
*o rectilinear laser beam on the irradiated surface; 

setting said substrate on a stage; 
bringing a surface of said non-single crystalline 
semiconductor film into agreement with said ir- 
radiated surface; and 
45 moving the stage relatively to said rectilinear la- 

ser beam so as to scan said non-single crystal- 
line semiconductor film under irradiation with 
said rectilinear laser beam. 

so 23. A method of fabricating a semiconductor device of 
claim 22, wherein an oscillator for emitting said la- 
ser beam is one selected from the group consisting 
of an excimer laser, a YAG laser, a glass laser, 
YV0 4 laser, a YLF laser and an Ar laser 

55 

24. A method of fabricating a semiconductor device of 
claim 22, wherein said semiconductor device is an 
active matrix type EL display device. 
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25. A method of fabricating a semiconductor device of 
claim 22, wherein said semiconductor device is one 
selected from the group consisting of a video cam- 
era, a digital camera, a projector, a goggle-type dis- 
play, a personal computer, and a mobile telephone. 

26. A method of fabricating a semiconductor device 
comprising thin film transistors, said method com- 
prising the steps of : 

forming a non-single crystalline semiconductor 
film over a substrate; 
emitting a laser beam; 

expanding said laser beam by either of two cy- 
lindrical parabolic mirrors and two parabolic 
mirrors; 

altering a traveling direction of the expanded la- 
ser beam by a plurality of plane mirrors; 
splitting said laser beam of the altered traveling 
direction by a first beam-splitting reflector in- 
cluding a plurality of cylindrical parabolic mir- 
rors, and a second beam-splitting reflector in- 
cluding a plurality of plane mirrors; 
combining said split laser beams into one rec- 
tilinear laser beam on an irradiated surface so 
as to homogenize an energy distribution of the 
rectilinear laser beam on the irradiated surface; 
setting said substrate on a stage; 
bringing a surface of said non-single crystalline 
semiconductor film into agreement with said ir- 
radiated surface; and 

moving the stage relatively to said rectilinear la- 
ser beam so as to scan said non-single crystal- 
line semiconductor film under irradiation with 
said rectilinear laser beam. 

27. A method of fabricating a semiconductor device of 
claim 26, wherein an oscillator for emitting said la- 
ser beam is one selected from the group consisting 
of an excimer laser, a YAG laser, a glass laser, 
YV0 4 laser, a YLF laser and an Ar laser. 

28. A method of fabricating a semiconductor device of 
claim 26, wherein said semiconductor device is an 
active matrix type EL display device. 

29. A method of fabricating a semiconductor device of 
claim 26, wherein said semiconductor device is one 
selected from the group consisting of a video cam- 
era, a digital camera, a projector, a goggle-type dis- 
play, a personal computer, and a mobile telephone. 

30. A method of fabricating a semiconductor device 
comprising thin film transistors, said method com- 
prising the steps of: 

forming a non-single crystalline semiconductor 
film over a substrate; 



emitting a laser beam; 

expanding said laser beam by either of two cy- 
lindrical parabolic mirrors and two parabolic 
mirrors; 

5 splitting said expanded laser beam by a first 

beam-splitting reflector including a plurality of 
cylindrical parabolic mirrors, and a second 
beam-splitting reflector including a plurality of 
plane mirrors; 

10 combining said split laser beams into one rec- 

tilinear laser beam on an irradiated surface so 
as to homogenize an energy distribution of the 
rectilinear laser beam on the irradiated surface; 
setting said substrate on a stage; 

'5 bringing a surface of said non-single crystalline 

semiconductor film into agreement with said ir- 
radiated surface; and 

moving the stage relatively to said rectilinear la- 
ser beam so as to scan said non-single crystal- 
20 line semiconductor film under irradiation with 

said rectilinear laser beam. 

31. A method of fabricating a semiconductor device of 
claim 30, wherein an oscillator for emitting said la- 

25 ser beam is one selected from the group consisting 
of an excimer laser, a YAG laser, a glass laser, 
YV0 4 laser, a YLF laser and an Ar laser. 

32. A method of fabricating a semiconductor device of 
30 claim 30, wherein said semiconductor device is an 

active matrix type EL display device. 

33. A method of fabricating a semiconductor device of 
claim 30, wherein said semiconductor device is one 

35 selected from the group consisting of a video cam- 
era, a digital camera, a projector, a goggle-type dis- 
play, a personal computer, and a mobile telephone. 

34. A method of fabricating a semiconductor device 
40 comprising thin film transistors, said method com- 
prising the steps of: 

forming a non-single crystalline semiconductor 
film over a substrate; 
45 emitting a laser beam; 

splitting said laser beam by two beam-splitting 
reflectors each including a plurality of cylindri- 
cal parabolic mirrors; 

combining said split laser beams into one rec- 
50 tilinear laser beam on an irradiated surface so 

as to homogenize an energy distribution of the 
rectilinear laser beam on the irradiated surface; 
setting said substrate on a stage; 
bringing a surface of said non-single crystalline 
55 semiconductor film into agreement with said ir- 

radiated surface; and 

moving the stage relatively to said rectilinear la- 
ser beam so as to scan said non-single crystal- 
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line semiconductor film under irradiation with play, a personal computer, and a mobile telephone, 

said rectilinear laser beam. 

35. A method of fabricating a semiconductor device of 
claim 34, wherein an oscillator for emitting said la- s 
ser beam is one selected from the group consisting 

of an excimer laser, a YAG laser, a glass laser, 
YV0 4 laser, a YLF laser and an Ar laser. 

36. A method of fabricating a semiconductor device of w 
claim 34, wherein said semiconductor device is an 
active matrix type EL display device. 

37. A method of fabricating a semiconductor device of 
claim 34, wherein said semiconductor device is one 1$ 
selected from the group consisting of a video cam- 
era, a digital camera, a projector, a goggle-type dis- 
play, a personal computer, and a mobile telephone. 



38. A method of fabricating a semiconductor device 20 
comprising thin film transistors, said method com- 
prising the steps of: 

forming a non-single crystalline semiconductor 
film over a substrate; 25 
emitting a laser beam; 

splitting said laser beam by a first beam-split- 
ting reflector including a plurality of cylindrical 
parabolic mirrors, and a second beam-splitting 
reflector including a plurality of plane mirrors, 30 
combining said split laser beams into one rec- 
tilinear laser beam on an irradiated surface so 
as to homogenize an energy distribution of the 
rectilinear laser beam on said irradiated sur- 
face; 35 
setting said substrate on a stage; 
bringing a surface of said non-single crystalline 
semiconductor film into agreement with said ir- 
radiated surface; and 

moving the stage relatively to said rectilinear la- *o 
ser beam so as to scan said non-single crystal- 
line semiconductor film under irradiation with 
said rectilinear laser beam. 



39. A method of fabricating a semiconductor device of 45 
claim 38, wherein an oscillator for emitting said la- 
ser beam is one selected from the group consisting 

of an excimer laser, a YAG laser, a glass laser, 
YVO4 ,aser « a YLF laser and an Ar laser. 

50 

40. A method of fabricating a semiconductor device of 
claim 38, wherein said semiconductor device is an 
active matrix type EL display device. 

41. A method of fabricating a semiconductor device of 55 
claim 38, wherein said semiconductor device is one 
selected from the group consisting of a video cam- 
era, a digital camera, a projector, a goggle-type dis- 
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Fig . 2 A side view prior art 



1202b 



1209 




Fig. 2B top view prior art 
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Fig. 4A top view 
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Fig. 23A 
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Fig. 25B 
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Fig. 26B 
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Fig. 27A 
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Fig. 27B 




Fig. 27C 
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Fig. 27E 
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Fig. 27F 
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Fig. 29 A 
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Fig. 29B 
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Fig. 29C 
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